Threats to Acropora spp. in the Caribbean
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William F. Precht,
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Mass mortalitiesof Acropora pal mata and Ac. cervicornison Caribbean reefsover thelast three
decadeshave caused drastic declinesin cora cover throughout theregion. Although hurricanesand cold-
water events (in Floridaand the Bahamas) havekilled acroporids on somereefs, white-band disease has
been the singlemost significant source of mortality onaregiona level. Paeontological work in Belize
suggeststhat the Acroporackill iswithout precedent in at |east thelast 3-4 Kyr. Analysisof 36 reef cores
extracted from a375-km? area of the central shelf lagoon showed that Ac. cervicornisdominated
continuoudy for at least thelast 3,000 yr. Thelettuce coral Agariciatenuifolia occasionaly grew insmall
patchesuntil thelate 1980s. Within adecade, Ac. cervicorniswasvirtually eiminated by white-band
disease. Ag. tenuifoliarecruited to and grew on the dead coral branches and wasthe dominant coral by
themid-1990s. The scal e of speciesturnover increased from tensof square metersor lessto hundreds of
sguare kilometersor more. Paleontological datafrom the Dominican Republic, St. Croix and the
Bahamas support the hypothesisthat the current situation isunprecedented onamillennia scale.

Inforereef environments, the establishment of damselfish territoriesand other |ocalized mortality were
responsiblefor variability at the smallest spatial and tempora scales (square meters, monthsto years)
within populationsof acroporids. Hurricane damageintroduced variability at larger spatial and temporal
scales (kilometersto tensof kilometers, yearsto 1-2 decades). The spatial scale of mortality of
Acroporaspp. hasincreased to aregional scale, virtually eliminating variation at arange of smaller spatial
and temporal scales.

Current threatsto remnant popul ations of Acroporainclude hurricanes, disease, coralivory, hyper- and
hypothermic stress, sea-level riseand pollution. Thesethreatsgenerally act in combination rather than
individually. Thelifehistory strategiesof Ac. palmata and Ac. cervicornisare not conducivetorapid
recovery fromregional massmortality. At present, agariciidsand poritidsarethe most common corals
colonizing the disturbed surfaces of reefsformerly occupied by acroporids.
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Focal Acropora spp. Assessment in the Florida Keys

Margaret W. Miller
NOAA/NMFS, Southeast Science Center, 75 VirginiaBeach Dr, Miami, FL 33149

Thispresentation will summarizetwo recent assessmentsof Acropora spp. status. Thefirstinvolves
population surveysof elkhorn coral, Acropora palmata, and its predator, the corallivorous snail
Coralliophilaabbreviata, inthe Key Largo area. Surveyswere conducted annually in May from 1998
t0 2001 at six sitesinthe FKNMS; three no-take zones and threereference areas. At each survey, size
and condition of each sampled cora colony was estimated aswell asthe number and size of itsresident
snails. A drastic declinein A. palmata popul ationswas observed between May 1998 and May 1999,
coinciding with asevere bleaching event and Hurricane Georges during summer/fall of 1998. All colonies
inthree patches (out of 10, ~200 colonies) sampled in 1998 suffered complete mortality by May 1999.
Sampling at two sitesin October 1998, after Hurricane Georges, confirmed that average sizesof standing
coloniesand of loosefragmentshad decreased while the abundance of fragmentshad increased. The
total amount of live A. palmata (as measured by total # of coloniesor by total “liveareaindex”) extant at
three siteswhereall colonieswere sampled declined drastically from 1998 to 1999 and has shown only
marginal recovery from 1999to 2001. Theincidence of whiteband disease (WBD) inthese A. palmata
patches has been cons stently low throughout the study, below 6% for any given sitesurvey with zero
incidence observed in many sitesurveys. Theaverageincidence of WBD observed in 2001 was 2% of
colonies(n=6 sites). Theaverage density of corallivoroussnailson A. palmata (#/A. palmata colony
surveyed, n=6 sites) more than doubl ed from 1998-2000 but declined dightly between 2000 and 2001
(overal mean~0.8for 2001). Siteswithlow-density A. palmata stands (LD sites) had consistently
more snailscolony? (0.8-2.5) than siteswith thickets (0.4-1.0). Meanwhile, theaveragesizeof snailson
A.palmata declined between 1998 - 1999 and has rebounded somewhat by 2001. Published measure-
mentsof average snail consumptionrateare~1-2 (cmAive A.palmatatissue)snail *d*withindividual
measurementsranging up to 6.5 (cmAive A.pal mata tissue)snail 1d™.

The second assessment eval uated changein total Acropora spp. cover at LooeKey (lower Keys) over a
longer timeframe. In 2000 the occurrence and approximate sizeof al A. palmata and A. cervicornis
colonieswas recorded on scaled base maps of the spur and groove structure at L ooe Key and compared
to archival maps made with the same scal ed base mapsin 1983. Total areal lossfor the mapped area
was estimated at 93% for A.palmataand 98% for A. cervicornis. Itislikely that considerable
Acropora spp. losshad occurred prior to 1983, and isthus not included in these estimates.

Lastly, recent attemptsat larval culture of A.palmata for restoration will be described.
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Status of Acropora Coralsin the Florida Keys:
Habitat Utilization, Coverage, Colony Density, and Juvenile Recruitment

Mark Chiappone, Steven Miller and Diane Swanson
Center for Marine Scienceand NOAA'sNational UnderseaResearch Center,
University of North Carolinaat Wilmington, 515 Caribbean Drive, Key Largo, FL 33037, USA
Tel: 305451 0233, Fax: 3054539719, Email: chiapponem@uncwil .edu

Aspart of an ongoing, large-sca e assessment and monitoring programinthe FloridaK eys, thisstudy
collected coverage and colony density datafor Acroporacorasintheregion, including Dry Tortugas
National Park and Tortugas Bank. Theresults presented are considered preliminary becauseour initial
sampling program was not optimized for surveying the coverage and density of Acroporacoras. During
1999-2001, atotal of 260 siteswere sampled in theregion, including 204 sitesfrom southwest of Key
West to northern Key Largo (Figure 1) and 56 sitesin Dry Tortugas National Park, the Tortugas Bank,
Riley’sHump, and south of the MarquesasK eys(Figure 2). Aspart of our larger program, sampling was
stratified with respect to habitat type, geographic region, and protection from fishing to ascertain spatial
variationsin mean percent coverage, species presence-absence, density of juveniles, andthedensity, size,
and disease prevalence of colonies>4 cm maximum diameter. Inrandomly selected sampling locations,
10m or 25 mtransectswere used for linear point-intercept estimates of cover, and 1 m swathswere
surveyed for the presence and density of Acropora colonies. During 2001, larger transects(25mx 2m)
werea so used to obtain density estimates of both species. Eight habitat typeswere surveyed from
nearshoreto the deegper forereef (15 m) and included mid-channel and offshore patch reefs, back reef
rubble, high-relief spur and groove, low-relief hard-bottom, and low-relief spur and groove. Siteswere
further classified by geographic regioninto thelower, middle, and upper Keys.

M ean percent coverage for both Acropora species, asdetermined from surveysof 100 pointsfor each of
four transects per site, waslow (Table 1 and Figure 3). Inthe FloridaK eys, mean coverage by

A. cervicorniswas 0.049% among the eight habitat typesand did not vary significantly. Mean cover was
greatest on high-relief spur and groove reefs (0.049%) and offshore patch reefs (0.045%). Mean coverage
by A. palmata waseven lower throughout the FloridaK eysthan its congener, even on many high-relief
spur and groovereefswhereit wasformerly abundant. Among the eight habitat typessurveyed, A. palmata
wasonly recorded in high-relief spur and groove. Mean coverageinthishabitat typewas0.158% and
ranged from 0.158% in thelower Keys, 0.300% inthe middle Keys, t0 0.338% inthe upper Keys. The
density of Acropora colonieswasquantifiedin25mx 0.4 mor 10mx 0.4 mtransects. For

A. cervicornis, mean colony densitiesamong the eight habitat typeswere no greater than 0.052 colonies/m?
and therewere no significant differences detected in mean colony density among habitat types (Table 3).
Offshore and mid-channel patch reefs had the greatest mean densities (0.047-0.052 colonies/m?). Within
strip transect surveys, coloniesof A. palmatawere only found inthe high-relief spur and groove habitat.
Themean density estimatefor thishabitat typewas 0.036 col onies/m?, ranging among regionsfrom 0.010/
m?inthemiddle Keys, 0.015/m?inthelower Keys, and 0.073/m? inthe upper Keys. Patchesof
numerous colonieswere evident at Sand Key, Eastern Dry Rocks, Molasses Reef, Sand Iland, and Elbow
Reef, most of which arewithin Sanctuary no-fishing zones.
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The prevalence of disease or disease-like conditionsindicated relatively low prevaenceof for both
Acropora species, athough few colonieswere assessed during 1999-2001 (Table 4). Of the 31 A.
cervicornisencountered, only one colony exhibited signsof possiblerecent disease. Threeof the 18
coloniesof A. palmata assessed exhibited either white band disease or signs of recent disease, evidenced
by dead white skeleton. Not surprisingly, few juvenilesfor either Acropora specieswere encountered
fromthe 260 ForidaKeyssites. Reconnai ssance surveysin several locations, however, did reveal some
smaller coloniespresumably derived from sexual recruitment, supported by thelack of nearby colonies.

Becausedensity estimatesusing 25 mx 0.4 mor 10 mx 0.4 m transectswere so low for both Acropora
species, the 2001 surveysal so included larger and additional transectsto assessdensities (Tables5-6).
For the FloridaK eysshallow forereef, both spur and groove and hardbottom were surveyed from Key
West to northern Key Largo at 2 mto 8 m depth. Densitieswere extremely patchy (Table5 and Figure 4)
and despitetherelatively large samplearea, only 43 coloniesof A. cervicornisand 302 coloniesof A.

pal mata were recorded. Maximum densitiesfor particular reefswere 2.25 colonies/m?for A. cervicornis
and 12.13 colonies/m? for A. palmata (Figure4). Inlow-relief hard-bottom areas, 50 A. cervicornis
and 18 A. pal mata col onieswere encountered and were even more patchily distributed.
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Table 1. Mean percent coverage of Acropora cervicornis and A. palmata by habitat type and
regional sector in the Florida Keys, 1999-2001 (Miller et a., NURC/UNCW).

Habitat/regional strata (no. sites) Acropora cervicornis Acropora palmata
Mean % cover SE Mean % cover SE
Mid-channel patch reef (16) 0.016 0.022
Lower Keys (6)
Middle Keys (8)
Upper Keys (2) 0.125 0.145
Offshore patch reef (22) 0.045 0.052 --- -
Lower Keys (12) 0.083 0.128
Middle Keys (1)
Upper Keys (9)
Back reef rubble (7)
Lower Keys(7)
Inner linereef tract (4)
Upper Keys (4)
High-relief spur and groove (46) 0.049 0.089 0.158 0.174
Lower Keys (24) 0.073 0.158
Middle Keys (5) 0.100 0.407 0.300 0.733
Upper Keys (17) 0.338 0.400
Low-relief hard-bottom (62) 0.012 0.014
Lower Keys (13) 0.058 0.060
Middle Keys (28)
Upper Keys (21)
Patchy hard-bottom in sand (8)
Lower Keys (1)
Middle Keys (6)
Upper Keys (1)
Low-relief spur and groove (39) 0.006 0.011
Lower Keys (25) 0.010 0.019

Middle Keys (11)
Upper Keys (3)
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Table 2. Survey effort and number of Acropora cervicornisand A. palmata colonies sampled for
colony density in the Florida Keys, 1999-2001 (Miller et al., NURC/UNCW).

Habitat/regional strata No. sites Survey area A. cervicornis A. palmata
surveyed (m?
Mid-channel patch reef
Lower Keys 6 34.8
Middle Keys 8 32.6
Upper Keys 2 12.4 6
Subtotal 16 79.8 6
Offshore patch reef
Lower Keys 12 107.6 13
Middle Keys 1 5.6 --- ---
Upper Keys 9 50.6
Subtotal 22 163.8 13
Back reef rubble
Lower Keys 7 140.0
Inner linereef tract
Upper Keys 4 61.0
High-relief spur and groove
Lower Keys 24 283.7 3 2
Middle Keys 5 63.6 2 1
Upper Keys 17 194.7 1 15
Subtotal 46 542.0 6 18
Low-relief hard-bottom
Lower Keys 13 230.4 4
Middle Keys 28 506.0
Upper Keys 21 403.6
Subtotal 62 1140.0 4
Patchy hard-bottom in sand
Lower Keys 1 20.0
Middle Keys 6 110.0
Upper Keys 1 20.0
Subtotal 8 150.0
Low-relief spur and groove
Lower Keys 25 558.7 2
Middle Keys 11 220.0
Upper Keys 3 60.0
Subtotal 39 838.7 2
Total 204 3115.3 31 18
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Table 3. Mean density (no. colonies'm?) of Acropora colonies (> 4 cm max. diameter) by habitat
type and regional sector in the Florida Keys, 1999-2001 (Miller et al., NURC/UNCW).

Habitat/regional strata (no. sites) Acropora cervicornis Acropora palmata
Mean colonies/m? SE Mean colonies/m? SE
Mid-channel patch reef (16) 0.047 0.047

Lower Keys (6)
Middle Keys (8)
Upper Keys (2) 0.375 0.375

Offshore patch reef (22) 0.052 0.031 - -
Lower Keys (12) 0.094 0.055
Middle Keys (1)
Upper Keys (9)

Back reef rubble (7)
Lower Keys(7)

Inner linereef tract (4)
Upper Keys (4)

High-relief spur and groove (46) 0.009 0.004 0.036 0.025
Lower Keys (24) 0.010 0.006 0.015 0.015
Middle Keys (5) 0.020 0.020 0.010 0.010
Upper Keys (17) 0.005 0.005 0.073 0.064

Low-relief hard-bottom (62) 0.004 0.002
Lower Keys (13) 0.018 0.010
Middle Keys (28)
Upper Keys (21)

Patchy hard-bottom in sand (8)
Lower Keys (1)
Middle Keys (6)

Upper Keys (1)
Low-relief spur and groove (39) 0.003 0.002
Lower Keys (25) 0.004 0.003
Middle Keys (11)
Upper Keys (3)

Table 4. Proportional prevalence of Acropora corals affected by diseasesin the Florida Keys,
1999-2001. N = total number of colonies sampled (Miller et al., NURC/UNCW).

Species Condition No. colonies affected Prevalence (proportion)
A. cervicornis Dead white skeleton 1 0.0323

Non-diseased 30 0.9677

Total 31 1.0000
A. palmata Dead white skeleton 1 0.0556

White band disease 2 0.1111

Non-diseased 15 0.8333

Total 18 1.0000
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Table 5. Mean (+ 1 SE) Acropora densities (no. colonies/100 m?) in Florida Keys fore reef
habitats (2-8 m depth) during 2001, using 25 m x 2 m transects. Sites are arranged from
southwest to northeast and those marked with an asterisk are Sanctuary no-fishing zones.

Habitat type/region/site Area (m?) Acropora cervicornis Acropora palmata
No. colonies/100 m? No. colonies/100 m?
Western Dry Rocks 800 --- 0.63+ 0.50
Sand Key* 800 1113+ 6.62
Eastern Dry Rocks* 800 - 1.63+1.36
Marker 32 400
Western Sambo Reef* 800 2.25+0.80 3.50 + 3.50
Middle Sambo Reef 800 0.25+0.25
Eastern Sambo Reef* 800 0.13+0.13
No Name Reef 400 0.13+0.13
Pelican Shoal 400
East of Pelican Shoal 400 --- ---
American Shoal 400 1.25+0.48
Lower Keys Subtotal 6,800 0.54 £ 0.20 1.84+0.94
Sombrero Key* 800 0.13+0.13 150+ 1.00
East Delta Shoal 400 125+1.25
Middle Keys Subtotal 1,200 0.50+ 0.42 1.00+0.69
Pickles Reef 1,200 0.08 £ 0.08
Mol asses Reef* 800 0.25+0.16
Sand Island 400 11.75+8.25
Elbow Reef* 800 12.13+9.08
South of S. Carysfort 800
Carysfort/S. Carysfort Reef 1,600 0.25+ 0.25 1.13+£0.46
Upper Keys Subtotal 5,600 0.07 £ 0.07 2.88+1.48
Spur and groovetotal 13,600 0.35+0.11 219+ 177
Marker 26 400 150+ 1.50
Maryland Shoal 1,600 1.94+0.52
East of Looe Key 400
West of Big Pine Shoal 400
Lower Keys Subtotal 2,800 1.32+0.39
Delta Shoal 800 0.88+0.64
Crocker Reef 800
Davis Reef* 800 0.13+0.13
Little Conch Reef 800 1.38+0.60
Southwest of Conch Reef 400
Conch Reef* 800
Northwest of Conch Reef 800 213+ 213
Middle Keys Subtotal 5,200 0.25+0.12 0.35+0.33
Little Pickles Reef 400 --- ---
Southwest of Molasses Reef 400 --- ---
Northeast of French Reef 1,200
Dixie Shoal 800
Dixie Shoal 800
Upper Keys Subtotal 3,600
Hard-bottom total 11,600 043+0.12 0.16 £ 0.15
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Table 6. Mean (+ 1 SE) density (no. colonies/100 m?) of A. cervicornisin Florida K eys mid-
channel and offshore patch reef habitats during 2001, using 10 m x 2 m transects. Sites are
arranged from southwest to northeast and those marked with an asterisk are Sanctuary no-fishing
Zones.

Habitat type/site Region Sample area (m?) Acropora cervicornis
No. colonies/100 m*

Mid-channel patch reef

South of Sunshine Key Middle Keys 160 1.25+1.25
East Washerwoman Middle Keys 160
South of VacaKey Middle Keys 160 ---
East of Marker 49 Middle Keys 160 0.63+ 0.63
Turtle Shoal Middle Keys 160
East Turtle Shoal Middle Keys 160
Cheeca Rocks* Middle Keys 320 ---
South of Molasses Channel Upper Keys 320 9.06 + 5.24
Habitat subtotal 1,600 2.00+1.15
Offshore patch reef
Northwest of Davis Reef Middle Keys 160
West of Pickles Reef Upper Keys 160
West of Molasses Reef Upper Keys 320 5.31+297
White Banks/Dry Rocks Upper Keys 320 ---
East of Mosguito Bank Upper Keys 160
South of Carysfort Reef Upper Keys 160
West of Carysfort Reef* Upper Keys 320 ---
Habitat subtotal 1,600 1.06 £ 0.67
All patch reef types 3,200 1.53 £ 0.67
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Figure 1. Acropora survey locationsthroughout the FloridaK eys, 1999-2001.
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Figure 2. Acropora survey locationsin the Tortugas, 1999-2000.
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Figure 3. Mean percent cover of Acropora cervicornis and A. palmata on high-relief spur and
groove reefs (top) and low-relief hard-bottom (bottom) on the Florida Keys fore reef during
2001. Sites are arranged from southwest to northeast and error bars represent one standard error.
Valuesin parentheses are the number of sites surveyed for each reef, with 100 points surveyed
along each of four 25 m transects per site.
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Figure 4. Mean density (no. colonies/100 m?) of Acropora cervicornis and A. palmata on high-
relief spur and groove reefs (top) and low-relief hard-bottom (bottom) on the Florida Keys fore
reef during 2001. Sites are arranged from southwest to northeast and error bars represent one
standard error. Values in parentheses are the number of sites surveyed for each reef, with 400 m?
surveyed for colony numbers per site.
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Acropora- A Review of Systematics, Taxonomy, Abundance,
Distribution, Status, and Trends: Florida, 1881 - 2000

Walter C. Jaap
HoridaMarine Research | ngtitute, Fish and Wildlife Conservation Commission

Systematics

Phylum Cnidaria
Class Anthozoa Ehrenberg, 1834
SubclassZoanthariadeBlainville, 1830
Order ScleractiniaBourne, 1900
Suborder AstrocoeniinaVaughan and Wells, 1943
Family Acroporidae Verrill, 1902
Genus Acropora Oken, 1815

Acropora palmata (Lamarck, 1816)

Acropora cervicornis(Lamarck, 1816)

Acropora prolifera (Lamarck, 1816)
Genusdescription:
Acropora: Branched, bushy, plate-like, sometimesencrusting. Axia andradia coralliteson branches.
Two cyclesof septa(=12); porouscoradlitewalls, cordliteswithout columella. Thetype speciesis
Acropora muricata (Linné 1758), missing, typelocality unknown.

Geographicdistribution: Pacificand Indian Oceans, Red Sea, Persian Gulf, Western Atlantic-
Caribbean.

Stratigraphy: Eocene (58 x 10°Y BP) to Recent

Veron and Wallace (1984) reported that there were 364 extant speciesof Acropora, 361 inthelndo
Pacificand threeinthewestern Atlantic. Thethreewestern Atlantic species, A. palmata, A.
cervicornis, and A. proliferaarecommonly referred to aselkhorn, staghorn, and fused staghorn corals.

Acropora palmata

Madrepora palmata Lamarck, 1816

Madrepora muricata formapa mata Brook 1893
Madrepora muricata Duerdan, 1899

Madrepora (Acropora) palmata Mayer, 1914
Acropora palmata (Lamarck) Vaughan, 1915
Acropora palmata (Lamarck) Wellsand Lang, 1973
Acropora palmata (Lamarck) Veron 2000

Description: Acropora palmataisthelargest of all Acropora species; coloniesare up to four meters
from branch tip to branch tip, two metershigh, with abasetrunk that isup to 40 cmindiameter. The
baseisfirmly attached to the substrate. Branchesareflat or lesscommonly round, tubular radial coralites
areof variousdiametersand length. Browntoyellow-gold color.
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Geogr aphicdistribution: Known from Dry Tortugasto Broward County in Florida. Inthewestern
Atlantic, A. palmataisknown from the Bahamas, Greater and Lesser Antilles, Venezuela, Aruba,
Bonaire, Curacao, Colombia, Panama, Nicaragua, Honduras, Belize, Mexico.

Stratigraphy: Late Plioceneto recent.

Bathymetry and habitat preference: Depthrangeis<1tol7 m, optimal range1to5m. Thenomina
habitat isthe seaward face of areef such asthe spur and groove formations and seaward portion of the
reef flat. Branch fragmentsare often found occupying back reef areasfollowing storms; A. palmata may
form extensive barrier reef structuressuch asin Bdlize, Greater Corn Idand, and Roatan.

Reproduction and growth: Acropora. palmataisahermaphroditic broadcast spawning species. The
primetimefor releasing eggsand spermisin August and September. We documented that eggs, ova, and
spermwere present intissues (histologica analysis) during Junethrough August, 1978-1980. 1n 1977
and 1981, wedid not see evidence of reproduction. Growth rate (branch extension) is4to 11 cm per
yearinFlorida. A colony that was 2 metersin height would be 18to 50 yearsold. The4cmrateis
based on Vaughan'searly studiesin Tortugasand probably under estimatesgrowth. Acroporapalmata
canrapidly spatially monopolizelargeareasby fragment propagation. Fragmentscleaved from thecolony
may grow into new individuals (Highsmithet a., 1980; Bak and Criens, 1981; Tunnicliffe, 1981;
Highsmith, 1982; Rogerset al., 1982; Tunnicliffe, 1984).

Acropora cervicornis

Madrepora cervicornisLamarck, 1816

Madrepora cervicornis Pourtalés, 1871

Acropora cervicornis(Lamarck) Goreau and Wells, 1967
Acropora cervicornis (Lamarck) Veron, 2000

Description: Acroporacervicornis. Arborescent, tubular branches, distinct axial-tubular corallitesat
branchterminasandradia corallitesdistributed relatively uniformly onbranches. Radid coralitesoften
form bractsrather than tubes. Secondary branchesdivergefrom primary branchesat 30 to 90 degree
angles. Specimensfrom deep water tend to havelong and dender (about 1.5-cmin diameter) branches
and fewer secondary branches. Branchesof coloniesfrom shallow water tend be thicker (about four cm
indiameter) with agreater number of secondary branches. The color rangesfrom gold and yellow to
brown. Coloniesareoften not firmly attached to the substrate. Branchesmay fuseto adjacent branches
(anastomosis) forming apretzel-likemaze. Largethicketsform acomplex structurethan may betwoto
three metersin height and 30 meterslong (seenin Dry Tortugasintheearly to mid 1970s).

Bathymetry: The specieswasreported to depthsof 50 m off Discovery Bay, Jamaica(Goreau and
WEells, 1967), but ismore often seenin depthsof 3to 30 min Florida

Reproduction and growth: The speciesisahermaphroditic, broadcast spawner. Theova, eggs, and
sperm were seen during summer of 1978, 1979, and 1981; in 1979, therewas active gonad generation
from January through June (unpublished data). Propagation from fragmentsiscommon (Gilmoreand
Hall, 1976, Tunnicliffe, 1981). Growth ratefor A. cervicornisis4to 12 cm per year. The specieshasa
morerapid growth during warmer monthsin Florida (Jaap, 1974).
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Acropora prolifera

Madrepora prolifera Lamarck, 1816

Madrepora prolifera (Lamarck) Pourtal és, 1871

| sopora muricata forma prolifera Vaughan, 1901
Acroporaprolifera (Lamarck) Cairnset a. 1991

Thisspeciesisthe most enigmatic of thethree. Itisconfusedwith A. cervicornisand poorly studied. The
distributionincludes Dry Tortugas, Yucatan, Belize, Jamaica, Columbia, Panama, and the Netherlands
Antilles.

Florida status and trends
Acropora palmata:

Dry Tortugas- 1882 to 1993. Estimated areaof coveragewent from 109 acres (Agassiz, 1882),t00.15
acres(Davis, 1982), to 0.35 acres (Jaap and Sargent, 1993).

Elkhorn Reef, Biscayne National Park, 1977 to 1981, A. palmata abundance ranged from 8 to 28 colonies
(Figure4) along three 25 m long transectsfrom 1977 to 1981 (Jaap, 1983).

Key Largo- 1981t01986. At Elbow Reef, abundance ranged from 66 to 84 colonieswithin 16 one m?
guadrats. At Frenchreef, abundance ranged from 42 to 99 colonieswithin 26 onem? quadrats. At

Mol asses Reef, abundance ranged from 79 to 135 colonieswithin 25 onem?quadrats. Thetrend these
reefswasvery stable populations (Figures, 5-8).

LooeKey, 1983. Seventeen Acropora palmata coloniesoccurredin six quadratsonaspur, 2to 7m
depth.

Cora Reef Monitoring Project, USEPA WQPP, 1996 to 2000, datafrom 160 video transectsfrom north
Key Largoto Smith Shoal. A. palmata occurred at five shallow reef sites. Dataare processed by point
count analyses, weidentify benthos and substratefor gpproximately 600 pointsat each station, and there
arefour stationsper reef. Percent cover dataare computed from therelative number of pointsthat were
covering A. palmata colonies.

The percent cover contributed by A. palmata at upper Keys Reefsranged from 7.23 percent in 1996 to
0.95 percent in 2000. Inthelower Keysreefs, A. palmata cover ranged from 7.27 percent in 1996 to
0.85 percentin 2000 (Figures 10, 11).

Acropora cervicornis

InDry Tortugas, Agassiz (1882) estimated A. cervicornis covered 1030 acres, Davis (1982) estimated
coverageat 1181 acres. In 1976-77 ahypothermic event occurred, killing 90 to 95 percent of the
population of A. cervicornisand A. prolifera at Dry Tortugas (Walker 1981, Porter et al., 1982). 1n 1983
therewasalossfrom adiseasethat caused significant losses of A. cervicornis (Peterset al., 1983).

Inastudy of severa reefsin Biscayne National Park from 1977 to 1981 we saw adecilein abunce at
Elkhorn Reef (N= 3 transects) of 32to 15 colonies(Figure4).
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Inastudy at Key Largo Reefsfrom 1981 to 1986 we observed adecline of 175to 0 coloniesat French
Reef and 120to 3 coloniesat Molasses Reef (Figures7, 8).

Inthe CRM P study we observed declines: inthe upper keys, A. cervicornisdeclined from 0.13 percent
cover in 1996 t0 0.03 percent in 2000, inthemiddie Keys, A. cervicornisdeclined from 0.26 percent
cover in 1996 to 0.00 percent in 2000, and inthelower Keys. A. cervicornisdeclined from 0.11 percent
cover in 1996 to0 0.02 percent in 2000. In Dry Tortugas, at White Shoal, we saw arelatively stable
abundancein A. cervicornis(Figures 12-15).

Causesfor Acroporadeclinesin Florida

Natural disturbances: hurricanes, hypothermia, hyperthermia, winter storms (1992 storm of the century).

Diseases. thewhitedisease seenin A. palmata and in A. cervicorniscan bevery serious Gladfelter
(1977) and Peterset a. (1983, 1986) report on theimpact and causative pathogen.

Predatorsthat feed on Acroporainclude the fireworm Hermodice carunculata (Marsden, 1960, Glynn,

1960); the gastropod Coralliophilla abbreviata (Brawley and Adey, 1981), the three spot damsel fish
(Kaufman, 1977, Potts, 1977). Competitorsfor lebensraum (space): Fleshy algae (Lighty, 1981)

Elkhorn Reef, BNP, 1977-1981
Transect abundance

= 3 Transects
L) W
o o O

NN
O O,

1977 1978 1979 1980 1981
Year

Number of colonies, N
;o o

Acropora cervicornis —=— Acropora palmata

Figure4. Abundance of Acropora palmata and A. cervicornisat Elkhorn Reef, Biscayne National
Park, three 25 m long continuouslinetransectsparallel to the depth contours (3 to 5 m depth).
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Figure 10. Acropora palmata cover at Upper Figure 11. Acropora palmata cover at lower
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Figures 12-15, Percent cover by A. cervicornis, CRMP sites, upper keys, middiekeys, lower keys,
and Dry Tortugas, point count analysesof video images.
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Distribution, Population Ecology, and Reproductive Biology of
Acropora cervicornis in Broward County, Florida. USA.

Bernardo Vargas-Angel and JamesD. Thomas
National Coral Reef Ingtitute, Nova Southeastern University Oceanographic Center,
8000 N. Ocean Drive, DaniaBeach, Florida33004

During previousresearch by theNational Coral Reef Ingtitute (NCRI) aggregations of staghorn coral
(Acropora cervicornis) werefound distributed along the coastal waters off Fort Lauderdae. These corals
appear to flourish beyond known temperature constraintsand in the midst of significant anthropogenic
stressors. The National Coral Reef Ingtitute has established abasic research program aimed to investigate
aspectsof the population structure and propagation dynamics of this species off the coast of Broward
County. Ongoing studieshavelocated over adozen siteswith conspicuous staghorn coral aggregations.
These occur between 600 and 800 m offshorein approximately 4-6 m depth. Patchesrange between 700
and 7000 m?, and estimates of mean coral cover rangefrom 5 and 30%, with A. cervicornisaccounting
for 87-97% of al scleractinians. Evidence of predation on A. cervicornisat the study sitesisnoticeable,
mainly by thefireworm Hermodice carunculata and the gastropod Coralliophila abbreviata.
Conversely, noincidence of white-band disease or bleaching of A cervicornis hasbeen detected to date.
Histologica examinationshave revea ed progressive gametogenesis, and massrel ease of egg-sperm
bundleswas observed on the night of 6 August 2001, with ahigh proportion of colonies(~70%)
spawning. Additional research interestsincludethe study of disturbance dynamics, namely storm events
and sedimentation. Inlight of the catastrophic demise of A. cervicornisthroughout the Caribbean, the
flourishing population off Fort Lauderda eis perhaps both thelargest and northernmost aggregation of

A. cervicornisinthecontinental U.S.A., and represent apotential source of propagulesto repopul ate/
replenish other previoudy impacted south Floridacoral reef habitats.
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Status of Acropora spp. Populations in
Northern and Eastern Puerto Rican Coral Reefs

Edwin A. Hernandez-Delgado
University of Puerto Rico, Dept. Biology, Coral Reef Research Group, PO. Box 23360, San Juan, PR.
00931-3360. cora_giac@yahoo.com

Background

Acroporid cord popul ations have declined significantly inthe northern and eastern Puerto Rican cord reefs
during thelast three decades. Almy and Carrion-Torres (1963), M ckenzie and Benton (1972), Goenaga
and Cintron (1979), and Herndndez-Del gado (1992) listed the presence of Acroporaspp. in different
northeastern Puerto Rican reefs, whereliving coloniesare now rarely seen or completely absent. For
example, Goenagaand Cintron (1979) informed large monotypic stands of A. palmata on Cayo Largo
(Fgjardo) and Cayo Batata (Humacao), with 90-100% living cover. Theseareactualy longgone. The
stuation of the Acroporidsingenera incritica. Many environmentally-degraded fringing cora reef habitats
along the shoreline of Puerto Rico (i.e., PuntaPiclia, PuntaMiquillo; Rio Grande) show large stands of dead
A. palmata ontheir growing position, which suggeststhat mortality might have been theresult of disease
outbreaksor other biological factor, in possible combination with poor water quality and high sedimentation
rates. Inaddition, therearemany coral reefs(i.e., |9 ote Pdlominitos, Los Corchos Reef, Cayo Dékity,
PlayaL arga; Culebra) which show severe physical destruction of the A. palmata framework asaresult of
the hurricaneimpacts (Goenaga, 1990). Magjor recent destructive hurricanesincluded David (August 31,
1979), Hugo (September 18, 1989), L ouis (September 6, 1995), Marilyn (September 16, 1995), and
Georges (September 21, 1998). It isthecombined (cumulative, synergistic) effectsof natural and
anthropogenic factorswhich have caused thismajor decline.

Althoughthereisamaor lack of quantitative dataregarding the ecological statusof Acroporidsingenerd in
Puerto Rico, | wasableto document the distribution of A. palmata, A. cervicornis, and A. proliferaaong
88 northern and eastern Puerto Rican coral reefsin apresence/absence basis. Information was obtained
fromtheavailableliterature (reviewed by Herndndez-Del gado, 2000) and from recent unpublished
observations. Where possible, datawas compared from previousreportsand/or personal observations
with recent reportsor personal observations. Datawas geographically sub-divided according to
Hernandez-Del gado (2000) into four provinces. northerninshore, eastern inshore, eastern offshore close
(<6 km), and eastern offshoreremote (>6 km). Thisclassificationwasoriginaly based onaBray-Curtis
ordination analysisfor coral species presence/absence datasetsto classify coral reefs(Hernandez-Del gado,
2000).

Results

Thevariationsin thefrequency of observations (presence/absencedata) of thethree Atlantic Acropora
speciesin northern and eastern Puerto Rican coral reefswassummarizedin Table 1. Table2listall of the
surveyed reefs. Acropora palmatawasamajor reef builder in most of the surveyed coral reefs(83-
100%). However, at present it only was documented in 32 to 82% of the surveyed reefsasone moves
across an anthropogenic environmental stressgradient. During thelast three decades, thisspecieshas
disappeared from 68% of the surveyed reefsfrom northern Puerto Rico. It hasalso disappeared from
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53% of the easterninshorereefsand from 32% of the offshore close (< 6 km) reefs. It hasonly
disappeared from 4% of the offshore remotereefs (>6 km).

Asfor A. cervicornis, it wasrarely documented from the northern and eastern reefs. In spite of that, it has
become absent from 100% of the surveyed sites. 1t hasal so disappeared from 43% of the eastern offshore
closereefs. No net changesin thefrequency of observationswas documented from eastern offshore
remotereefs. However, it should be mentioned that, absolutely in al of the surveyed reefsfromthis
province, A. cervicor nis populations have declined significantly dueto acombination of factors (discussed
below).

Asfor A. prolifera, itwasvery rarein all of thefour geographic provinces. It disappeared from 100% of
the northern province reefsand from 60% of the eastern offshore closereefs. It disappeared alsofrom
27% of the eastern offshoreremotereefs. No colonieswereever documented in easterninshorereefs.

Discussion

All of the surveyed cord reefsfrom northern and eastern Puerto Rico are showing unequivoca signsof
declining Acropora populations. A combination of natural and anthropogeni c factorscould have cumula-
tively and/or synergisticaly affected their surviva and distribution. Acuteand highly localized naturd factors
such asWhite Band Disease (WBD) outbreaks, patchy necrosis, and predation by the coralivorous
gastropod, Coralliophila abbreviata, and the fireworm, Hermodice caruncul ata, have been shownto
contributeto the demise of Acropora spp. from Puerto Ricanreefs. High densitiesof C. abbreviata have
been a so documented on coral reefswith only afew isolated surviving coloniesof A. palmata. Inaddition,
long-term natura factors, such asdamselfish (Pomacentridae) territoria behavior has causedincreasing
tissue mortality and the pre-emptive outcompetition of corasby filamentousagae. Also, mgor acute
phenomena, such as hurricanes, have caused awidespread destruction of A. palmata frameworksand of
A. cervicornisthickets. Acuteand highly localized anthropogenicimpacts(i.e., historic cora collectionfor
souvenirs, reef trampling, snorkeling, SCUBA diving, somefishing mehtods) have aso caused amgjor
destruction of corals. Also, severe acute anthropogeni cimpacts have caused mg or destruction of
Acroporaassemblages, including ship groundings (i.e., Los Corchos, Culebrita, 19 ote Palominitos) and
military activities(i.e., Culebra, Viegues). Finaly, mgor long-term anthropogenic degradation of water
qudity (i.e., higher turbidity, lower transparency, higher concentration of nutrientsand solid suspended
material) and higher sedimentation rateshavelargely contributed to theinshore cora reefs Acroporid corals
decline,
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Acroporain the U.S. Virgin Islands:
A Wake or an Awakening?

CarolineS. Rogers*, Barry Devine, and Christy Loomis
* National Park Service (USGS), Carribean Field Station
1300 Cruz Bay Creek, St. John, USV1 00830 USA, Caroline.rogers@usgs.gov

Many shallow coral reefsinthe US Virgindandshad impressive, nearly monospecific standsof elkhorn
coral (Acroporapalmata) inthelate 1970sand early 1980s. A seriesof hurricanesand white band
disease (first noted in 1973 at Buck Idand Reef National M onument) decimated these stands. “ Grave-
yards’ of elkhorn, where detached dead branches of this speciesareinterspersed among dead but
standing colonies, aretill visible. However, at least at somelocationsaround all three of themajor
idands, St. Thomas, St. Croix, and St. John, thereisevidencethat el khorn coral isrecovering.

We have devel oped aprotocol for mapping and ng the condition of elkhorn coloniesbased on
recording GPSwaypointsfor each surveyed colony along with dataon depth, size, presence of disease
and predators, percent dead, etc. Photographs are also taken of each colony, and all dataare entered into
adatabase. The GPSwaypointsare mapped onto geo-referenced aerial photographsproviding
information on spatial patterns. Over time, we hopeto be ableto document if thereisan increasein both
the number and size of the elkhorn colonies. Our work to date hasfocused on elkhorn, although we have
begun to usethe same protocol for A. cervicornis(staghorn). Damselfishterritoriesand possibly white
band disease have been noted on staghorn corals. Whilethe emphasisison the corals, recovery of these
morphologicaly complex specieswill presumably have effectson fishesand other associated organisms
and communities, and these rel ationshi ps should be expl ored.

Preliminary analysisof dataon 279 elkhorn coloniesfrom 5 locationsaround St. John showsthat many of
thecoralsarerdatively small and could have become established since Hurricane Hugo (1989) and
HurricaneMarilyn (1995). Coral-eating snailswere present on about 12% of the colonies surveyed.
About 25% of the colonieswere partialy dead (1 to 85%). No active white band disease was seen.

At Hawksnest Bay, over 300 elkhorn coloniesare growing on onepatch reef. The protocol ismore
difficult to usewhen coloniesarein dense stands such asat thissite. However, the GPS unit can be used
to delineate apolygon around the stand, and at | east some of the desired data can be collected.

Storms, disease, predators, and damage from boats continueto cause elkhorn colony mortality. (On
April 7,2002, an 85’ ferry grounded on areef inside Virgin IdandsNational Park causing extensive
damageto living elkhorn colonies). Although thisspecieshas many mechanismsfor recoveringfrom
physical damage, and fragments can develop into new colonies, itisnot clear that it will be as successful
at recovering from the current assault froman overal, unprecedented combination of stresses(including
predation and disease).
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Acropora palmata: Historical Status, Extent of Decline,
and Projection for Recovery, on St. Croix Reefs

William B. Gladfelter and Elizabeth H. Gladfelter*
* Marine Policy Center, Woods Hole Oceanographic Institution
Marine Policy Center, #41, WoodsHole, MA 02543, egladfelter@whoi.edu

Thedistribution of Acropora pal mata-dominated reefson the St. Croix shelf during themid-1970sis
summarized. Thesereefstotaled nearly 10 sg. km. inarea. Surface coverage (defined as% of projected
planar surface area) exceeded 70% in someareas (e.g. theforereef of Buck Idand). Inthiszonetherewere
actually severa m? of live coral tissue per m? of reef dueto thelayering of branches. By the mid-1980s
white band disease (WBD) had devastated populationsof A. palmata everywhereon St. Croix, and
surface coverage had decreased to amaximum of afew percent, but waslessthan 0.1% in many aress.

Following demise of the A. palmata populationfromWBD, astudy wasinitiatedin 1988 ona200sg. m
guadrat onthe eastern forereef of Buck Idand to monitor individual coral coloniesand to observeinitial
stagesof recovery of the A. palmata population inthe previoudy densely populated reef zone. Thisstudy
plot was subsequently monitored in 1991, 1996 and 2002. In 1988, the population of A. palmata inthis
plot, athough enormously reduced, had 5% surface coverage. It appeared to be healthy, recovering from
destruction, and no WBD diseasewas observed. Hurricane Hugo in 1989 caused further reduction of the
population to 0.8% in the study plot. Post-Hugo recruitment of A. palmata wasfirst observed onthe
northeastern reefsof St. Croix in 1992, where numerous 10-15 cm high A. palmata col onieswere
observed on Prtzl Reef. Nineformer A. palmata-dominated reef siteswere surveyed in March 2002 to
ascertain present coverage and recent recruitment of A. palmata, and where dataexist, compared to prior
coverageduring the 1970s, 1980sor 1990s. Size-frequency distributions, densitiesand % (planar) surface
cover weredetermined for four of thesesites: % surface cover ranged from <0.1% for south shore
forereefsto 1.4, 2.4 and 3.6% cover for three north shorereefs. The population structure, including the
presence of recent recruits, aswell asthe healthy appearance of the colonies suggest young, healthy and
actively growing populationsof A. palmata onthe north shorereefsthat, barring devastation by storms,
predators, or disease, appear to beontheir way to recovery.
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The Demise of Acroporain the Caribbean: A Tale of Two Reef Systems

W.F. Precht* and R.B. Aronson**
* Ecological SciencesProgram,PBS& J, 2001 NW 107" Avenue, Miami, FL 33172
**Dauphinldand SealL ab, 101 BienvilleBoulevard, Dauphindand, AL 36528

Over the past two decades, cord reefsin the Caribbean have changed dramatically. Reef-building corals
have declined, and the cover of fleshy, noncoralline macroa gae hasincreased. Many authorshave argued
that theloss of herbivores hasbeen the cul prit in the community shift, while othershavecited reef
nitrification. Itisour contention, however, that coral mortality especialy themortality of the Acroporaisthe
crucia precursor to macroalgal dominance. For example, ten yearsafter Hurricane Hattie devastated reefs
from northern Belizein 1961, the oncelush coral community wasreduced to alayer of coral rubble covered
by fleshy macroalgae. Thiswasidentical to the pattern observed on Jamaican reefsmorethan 20 years
after the passage of Hurricane Allen (1980). 1nJamaica, mortality of the Acropora was caused by storm-
induced fragmentation followed by collateral mortality related to predation and disease. At researchsitesat
Discovery Bay on the Jamaican north coast, coral cover hasfallen from>50%inthelate-1970'sto <5%
today, whilemacroalgal populationshave risen from near 0% to >60% during the same period.

Acropora cervicorniswasa so the dominant space occupier at intermediate depthson thefore-reef (8-20
m) along the central portionsof the Belizean barrier reef from at least asfar back asthe 1960’ suntil the
mid-1980's. Subsequently, A. cervicornis populations collapsed due primarily to mortality associated with
white-band disease (WBD). At Carrie Bow Cay thelocation of the Smithsonian coral reef research station,
coral cover dropped from 30-35% inthelate 1970'sto 12-20%inthe 1990's. Theselosseswere
followed by concomitant increasesin macroagae (<5%in 1980 to >60%inthe early 1990's). Populations
of A. palmata have been decimated on these reefsfrom WBD aswell.

Combing these ecological datafrom Jamai caand Belizewith other reef areasfrom throughout the
Caribbeanreved smilar lossesin Acropora dominated communitiesduring essentially thesame period. On
aregiona-scale, themassmortality of Acroporid coralsdueto avariety of factorsand especially WBD has
beenlargely responsiblefor the present increasesin macroalgae. Thesewidespread biotic disturbances,
which aredtill activetoday, have diminished cora populations, thereby opening spacefor colonization by
agal species. Theseobservationshighlight theprimacy of coral mortality in general, and diseaseinduced
mortally of theacroporidsin particular, in changing theface of Caribbean Reefs.

Thesedataa soindicatethat no form of local stewardship or management could have protected these
Acropora dominated reef systemsfrom these disturbances or changed the overall trgectory of cora loss.
Itisbecomingincreasingly moreapparent that regional- and global -scale causes of reef declinearemost
important in structuring modern reef communities. Understanding the causal link between global changeand
reef demiseare some of our most pressing ecological challengesfor thefuture.
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Status of Acropora Species on the Leeward Islands of the Netherlands Antilles

M.JA.Vermeij*2and R.PM. Bak®*

(1) NOAA Fisheries, Southeast Science Center, 75 VirginiaBeach Dr, Miami, FL 33149 U.S A

(2) Caribbean Institutefor Management and Research of Biodiversity, Piscaderabaal z/n, PO.Box 2090,
Willemstad, Curacao, NetherlandsAntilles

(3) University of Amsterdam, IBED, PO.Box 94766, 1090 GT, Amsterdam, the Netherlands

(4) NetherlandsInstitutefor SeaResearch (N10Z), PO. Box 59, 1790 AB Den Burg, Texd, the
Netherlands.

TheLeeward Idandsof the Netherlands Antilles comprise Curacao and Bonaire (12° 15’ N, 68° 45’
W). Theidands measure 445 and 288 km? respectively and possess a sheltered south coast and awind-
exposed north coast. The oceanicidandslie 60 km off the coast of the South American mainland.
Industrial development and immigration resulting in overpopulation during the 1970’ simposed agreat
pressure on Curagao’sterrestrial and marineresources. Thereefsof Curagao areoverfished asfishisa
cheap source of nutrition. Bonaire remained free of such devel opmentsand presently dependson
(eco)-tourism (i.e. diving tourism) asthe main source of income. A currently effective marine park was
established in 1979 protecting the reef to adepth of 60m.

Acropora speciesformed dominant constituents of the shallow (<10m) reef faunaand werefound the
entire southwest coast of both Curacao and Bonaire until the 1981 massdie-off (VanDuyl 1985, Bak and
Criens, 1981). Thestudy by VanDuyl (1985) consistsof aninventory of the benthic community alongthe
south coastsof bothidand at asmall spatial resol ution (<1m?) and therefore providesan excel lent
referenceto quantify the decreasein Acropora cover over thelast two decades. In 1980/1981 when the
surveysfor thiswork were carried out, Acropora species covered 7.94x10°m? of the reef bottom
between 0 and 10m, which correspondsto 15.1 % bottom cover of the shallow reef terrace. Comparing
these datawith our observations made during thelast four years, we estimated the declinein Acropora
standsto be more than 98%. L ocal patchesremain, however, where Acropora patches occurredin large
stands covering the entire shallow reef terrace as dense bands (>20m width). These populations occur at
exposed sites(i.e. the shoreline faces southeast, which isthe direction from which refracted waveshit the
idand). Theimportance of water-movement for Acroporaisalso indicated by the north-south gradient
that existsin the depth distribution of A. palmata. Towardsthe south exposureto increased water-
movement caused (1) coloniesto movetowards deeper water and (2) branchesbecomethicker and
morerobust. At extremely exposed sites(i.e. the most easterntipsof theislands) A. palmata colonies
occur asthin sheetswith small branches(<30cm) rising fromitssurface.

Especialy on Bonaire small patches (<60m?) of A. cervicornisoccur which seemto beableto survive
dueto fast growth sincethey still suffer from white-band disease. Recruitment of thelatter speciesis
observed (> 4individuasm?) at afew locations cleared by tropical storm Lenny in November 1999
providing solid substratumto settling planulae. The same storm damaged A. cervicornis stands at other
sitesaround thisisland. On the north coasts of both islands enormous patches of A. palmata (> 1000m?)
arefound and colonies seem unaffected by diseasesor highlevelsof partia mortality (e.g. BocaPatrick).
If A. cervicornisisalso present the supposed hybrid A. prolifera (VanOppen et al. 2000) isfrequently
observed.
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Acropora popul ations have decreased enormously over thelast two decades and decline occurred at sites
that suffered fromincreased industria pollution and sitesreceiving oceanic water. The occurrence of
populationsthat do well (i.e noticeabl e recruitment and absence of diseases) showsthat thesereefsareyet
not degraded beyond the point-of-no-return. Thisindicatesthat the Acropora population at the L eeward
Idand of the Netherlands Antillespotentialy harbors unexpected adaptive (genetic) variation, which
allowedthem, at least partialy, to survivein the present day situation.
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Status of Acroporid Populations in Colombia

Jaime Garzén-Ferreiraand Juan Manuel Diaz
INVEMAR, SantaMarta, Colombia

According to arecently published baselinestudy of coral reefsin Colombia(Diaz et al., 2000), thetotal
extension of recent coral formationsin Colombian maritime areas, both in the Caribbean and thewestern
Pacific, isabout 1,090 km?, of which morethan 99% are placed in the Caribbean. Inthelatter, only 1/3
of the cora reefsarefound along the continental coast and shelf, most of them surrounding the offshore
islandsof thearchipelagosof San Bernardo and Rosario. On the other hand, 2/3 of Colombianreefsare
found in the oceanic archipelago of San Andrésand Providencia, inthe southwestern part of the
Caribbean, off the continental shelf of Nicaraguaand Honduras. Here, coral formationscomprisetwo
barrier reefs surrounding thetwo magjor idands, fivelargeatolls, and severa cora banks. Accordingto
Geister”stypical ecological zonation of Caribbean reefsbased on wave exposure zones, whichincludesa
zone dominated by Acropora palmatain the highly exposed areas and an A. cervicornisdominated zone
in medium exposed areas, the base line study estimated thetotal extension of A. palmata- dominated
reefsin about 28 km?(2.6% of thetotal coral reef extension) and that of A. Cervicornis- dominated reefs
inonly 0.8 km? (0.07%). However, therel ative cover of living tissue of both speciesintheir respective
zonesisvery variablefrom areef areato another, ranging from nearly 90% in afew scattered patchesto
lessthan 15% inthemajority of reefs.

Many of the Acropora dominated reefs, asthey were described inthe 1970 sfrom San Andrésand
Providenciaare currently reduced to cemetaries of broken skeletons covered by algae. Thedeclineof
A. cervicornisinthisareahas been estimated at 99% in the course of thelast three decades, and that of
A. palmata at about 75%. Evenworseisthesituationinmost reef areasal ong the continental coast. In
someareaslikethe San Bernardo and Rosario |dlands, the decline of both specieshasattained levelsof
nearly 100%. Only inafew aresas, such asldaArenaand in some bays nearby SantaMarta, scattered
small patchesor isolated thicketsof Acropora exhibit living cover over 50% and show even signsof
recovery after the widespread mortalitiesoccurred in the course of thelast decades. The occurrence of
scattered living thickets of A. prolifera hasbeen recordedin several placesin the Colombian Caribbean,
in both oceanic and shelf reefs. A singlerecord of A. valida from Gorgonaldand off the Colombian
Pacific coast hasnot yet been corroborated but, according to Glynn & Ault (2000), although therecord
may have been valid, this species appearsto be now extinct inthe eastern Pacific.

Two detailed studies about the status and heal th of Acropora reef habitats have been performed very
recently inthe Colombian Caribbean. One of them was carried out in May-December 2001 at several
baysof the TayronaNatural Park (TNP; central part of the northern coast of Colombia, continental
reefs) and included mapping of al Acroporaformationsaswell asassessmentsof their current
composition, cover, health, and growth rates(Moreno-Bonillaet a, 2002.). Theother evaluated only

A. palmata populationswithin different geomorphological unitsof the San Andrésidand reef complex
(SAl; southwestern Caribbean, oceanicreefs), inJanuary 2002 (Ruedaand Acosta, 2002). Preliminary
analysisof theresults show that cover of reef surfacesat both A. palmata and A. cervicornisformations
of the TNP arenow strongly dominated by al gae (means80.6% and 79.4% respectively), whilemeanlive
coverageby these coralsisvery low (9.9% and 5.1% respectively). Average cover of live A. palmatain
SAl isgreater (14%), with ahighest mean vauein thefore-reef terrace (19%) and thelowest inthe
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lagoon terrace (5%). Inthe TNPtheratio of live:dead cora isabout 1:14 inthe case of A. cervicornis
and 1:7 inthe case of A. palmata, based on cover estimates. This relationship isabout 1:2 for

A. palmatain SAl, based on volume estimates. Live populations of A. palmata and A. cervicornisinthe
TNP show ahighincidenceof partial mortality(29.7% and 58.8% respectively), Segastes planifrons
territories (55.8% and 58.1%) and Coralliophila abbreviata (22.3% and 51.2%). White pox diseaseis
also frequent (18.1%) therein A. palmata, whilea gae overgrowth (72.5%) and fragmentation (54.4%)
arecommon conditionsin A. cervicornisaswell. Partial mortality in SAl isfound affecting about 2.7% of
the A. palmata tissues, associated in part with bleaching, white pox disease and white patches. Linear
growth estimatesin healthy coloniesof the TNPresulted in meanratesof 7.52 cm/year for A. palmata
and 9.62 cm/year for A. cervicornis.

All three Caribbean Acropora species have been listed recently in the“red book™ of threatened marine
invertebrates of Colombiaby atechnical commission coordinated by the Ministry of the Environment
(Mgiaeta., 2002). Acropora cervicorniswas considered asacritically endangered speciesin
Colombia, while A. palmata wasincluded asendangered, and A. prolifera asvulnerable, according to
the [UCN categories.
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Status of the Acroporid Coral Speciesin the Dominican Republic

Francisco X. Geraldes
Centro de Investigacionesde BiologiaMarina, Universidad Auténomade Santo Domingo,
SantaDomingo, Dominican Republic

Description of Coral Reef Areas

Most cord reefsof the Dominican Republic arefringing reefs. Thereare asotwo barrier reefs, numerous
patch reefs, and four large offshore banks. 1nthe eastern and northwestern coasts, broad coasta
shdlowsplatformswith barrier reefsarefound, whilein other placesterrigeneous sediments produce high
turbidity that preventsreefsfrom forming or growth. Theincreasing coastal development, pollution,
untreated wastewater dischargesand beach erosion haveimpacted living reef sites. Following isareport
onthestatusof Acroporid speciesinthe Dominican Republic.

OffshoreBanks
TheSilver Banks, Atlantic Ocean.

Thisisashalow oceanicriseextending 3,740 km2. Init’'snorthern portion abarrier reef hasformed,
composed of aseriesof patch reefsbound together near the surface, and extending some 30 km
southeasterly. Onits protected side, corasgrow in column-like structures of cemented skeletonsthat
ascend from the rubble and sandy bottom to the surface some 15 to 25 m upward. A. palmataisfound
occupying thetop portion of these columns, aswell asinthereef downto6m. TheAcroporidsfound
herearein bad conditions. Thereef crest panoramaisof askeletal web of dead coloniesof A. palmata.
In placesduring 1984, there used to belarge colonies of A. palmata (3 mtall), and dense growth of A.
cervicornis, thereisnow rubble groundsaround dead stands of palmatas. Turf agae, Rhodophytes, as
well as Cyanobacter complex, and encrusting boring spongesgrow ontop of theseremains. The
recuperation of acroporidaeinthisreef isslow. In 1994 reportswerereceived that A. cervicorniswas
budding, aswell astheblack seaurchin Diadema antillarumwas reappearing.

Par queNacional Montecristi Barrier Reef

Located inthe northwestern coast, it isthe largest reef of the country with 64.2 linear km. Thecoastis
low-lying mountainousterrain of sedimentary origin, inadry climatesetting. Theshordineisamost dl
covered with red mangroves, followed by seagrassbedsand several pocket beaches. Thissettingis
protected by abarrier that variesin distance from shore (200 mto 3,000 m). Thereef settingisvaried,
with highrelief featuresand largeliving coral coloniesarecommon with Sizesexceeding 10 min diameter.

Reef Lagoon

Cord patches (5to 800 m2) arefound with soft coral, associated mainly with Montastraea annularis
complex and other rounded forms. Here A. cervicornisthrives.

Reef Flat and Back Reef

In areascloser to tidal channelsthe dominant speciesare Porites sp., and rounded forms. Nevertheless,
A. cervicornis, A. palmata, and Millepora complanata are common.

Reef Crest

Skeletal remainsof acroporids, poorly lithified, form thereef crest. A few young A. palmata can be
found, but Millepora sp. isthe dominant species. On the seaward sidethe basal structure of thecrestis

formed by large skeletonsof A. palmata and A. cervicornis.
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Outer Regfs

In exposed aress, thereis evidence of alower Palmatazone consisting mostly of large dead coloniesof A.
palmata. To deeper waters A. cervicornisisalso foundin good shape, growing intidal channelsthrough-
out theextension of theresf.

PuntaRucia OffshoreKeys

Thesekeysareaway from any terrigenousinfluences and freshwater discharges. Inthe breaker zonethe
dominant speciesfound hereare A. palmata, Millepora sp., Montastraea annularis complex, and
Diploriastrigosa. Onthefrontal reef at 12 m depth, adiverse coral community can befound were A.
pal mata stands among other species

Reefs Along the Reef Terraces of the Dominican Republic, (Atlantic Ocean)

Most of the coastlineareaarefacing the easterly trade windsand itsoceanic condition. Thelittoral zone
dropsabruptly to deeper waters (2-10 m). The bottom iscomposed of eroded carbonate rocks, coversby
encrusting algae, and speciesadapted to harsh environs. The cora growth caninclude A. palmataforming
amall patches  Inthe deeper sandy areas, small patchesof A. cervicorniscan befound. Most of thesites
visited have presented these species coming back in association with healthy Diadema antillarum
populations.

Fringing Reefsof Dominican Republic, (Atlantic Ocean)

Thetraditiond land use hasbeen agriculture. Recently tourism hasincreased coastal settlements near reef
sitesand beaches. The predominant reef structuresare cora patcheswith low cover and few living corals.
Thefew fringing reef of A. palmata and Poritessp. arenow affected A. palmata skeletal arefound
covered with a gae and sediments. Millepora sp. has since dominated the breaker zones. Nevertheless, the
acroporidsinthedeeper water arestill healthy. Another typeof coastal featureisof intrusveigneous
mountain dopesand terraces. Theclimateisvery humid; theforest cover hasturned into agricultural fields.
Thereefshereareof thefringing typevery closeto shoreand in shallow waterswherereef patchescan be
found. These are composed of skeletal remainsof A. palmata covered by algae and sediments. On outer
reefs, approximately 5 miles offshore shoa s (15 m deep) of eroded carbonateterraces arefound, with few
corals species, but no acroporids.

Reefsat the M ona Passage of Dominican Republic

Inthe east facing the M ona Passage, isthe Bavaro-El Macao-PuntaCanaBarrier Reef System, extending
almost continuoudly for 60 km. The coastlineis sandy, followed by mangroves, coastal |agoons, and
swamps. Thereef lagoon can be aswideas 3.5 km (2-5m deep) and typically has coral patchesand
seagrass beds. In the back reefs Porites sp., rounded formsand A. cervicor nisare common Species.

A. palmata skeletons covered with algaein association with Millepora sp. dominatesthe windward side of
the breaker zone, whichisnarrow and stegp. At 4 m, there arelarge dead stands of A. palmata aswell as
large boulders of Montastraea annulariscomplex, and Diploriasp. Insomesites, the breaker zone can
be narrow and composed of very large compacted skeletons of A. palmata wherealgal cover ishighand
few livecorasare present.

Reefs of Parque Nacional del Este

Thereefsof thisprotected areaarebasically low relief systems, found either asfringing and small deep (20-
30 m deep) patches. Most of them areintheleeward side protected by alandmass of Pleistocene and
Recent reef terraces.
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Fringing Reefs

At the 10 m contour the bottom is covered with skeletons of A. palmata which project to the surface. At
thereef creststherearelive coloniesof A. palmata, A. cervicornis, M. complanata, and rounded forms.
Sporadic coral congregationsturn the narrow reef flat and convertsitself into an Acropora - Montastraea
zone, forming the breaker. The acroporidsin the breaker zonesarenot very healthy mainly dueto recent
storms. At depth > 3 m, therearelarge colonies of A. palmata, in varying health conditions.

L ow Relief Spur and Groove Communities

Hereitiscommon tofind large dead colonies of A. palmata, and underneath them, some broken branches
with new growth. Thepresenceof D. antillarumisnoticeable. Inseveral placesnew growth of
A. cervicornisiscommonly found.

Reefs of Parque Nacional del Este
Hard Bottom Car bonate Reef Flat Communities

Intermsof diversity, they aredominated by turf and brown al gae, and/or aco-dominated by algae and
coras. Thecorasaremorediversein these communities, with 12 species, the most common being
A. palmata, Diploria clivosa, Porites astreoides, and Porites porites.

Patch Reef Communities

Thesearelocated in protected waters on the western portion of theleeward side or insidethe Catuano
Passage, protected by thefringing reef andit’sreef crest. InsomecasesA. cervicornisisfound. Large
(>2mdiam) coloniesof A. palmata that serve asbase structurefor other speciesto settle are also found.

Fringing Reefs of the Souther n Pleistocene Reef Terracesof the Dominican Republic (Caribbean
Sea)

The southern coast hasfour major coastal features. Pleistocenereefsterraces, medium sizeriver estuaries,
shdlow carbonates platforms, and terrigenous substrates. Reef formationscan only befoundintheshalow
carbonatesplatforms, forming fringing systems. Inthelate 1980's, most of thefringing reefsassociated with
sheltered white sandy beaches have been used by thetourism industry and its secondary devel opment,
altering thenatural settings. The breaker zone of these areasisvery stressed andisnow largely formed by
dead loose remains of A. palmata and rounded forms covered by turf algae and sediments. Thelower
Padmatazone hasa so been affected recelving large amounts of sedimentscoming fromtheheavy activities
that occur at the beach and lagoon regions of thereefs. At deeper sites(12 m), thereef isin good shape,
including theacroporidsfound there.

Fringing Reefsof the Pleistocene Reef Terracesof the Dominican Republic (Caribbean Sea)

At the spur and groove formationsin the base of the breakers zones (4-6 m deep), large colonies of

A. palmata and Montastraea annularis complex still dominates, surrounded by several other species.
Approximately 30% of the A. palmata (at Boca Chicasite) withstood the Acroporid mortality event.
Nevertheless, the seascape seems catastrophic, finding pieces of corasencrusted with algae and sponges
littering the bottom. Between all this, small coloniesof A. palmata appear. 1ndeeper waters, at 20m, a
striking growth of A. cervicornisand other species can befound.

Fringing Reefsof the Terrigenous Souther n Coast of the Dominican Republic. (Caribbean Sea)

Inthe sedimentary looseterrainsthiscoastsliesinadry climate setting, but severd medium sizerivers
dischargeintheregion. Sincemid 1980's, agricultura irrigation programshavealtered thisnatural setting.
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Placeswerereef developed, now have been transformed into estuarine zones. Watersareloaded with
agricultural by-products, pesticidesand fertilizes, aswell ashigh with sediment loads. Thissituation has
practically eliminated all of the standing live coralsand reefsin theregion. It isnow raretofind living stands
of A. palmata and A. cervicornis. | salso suspected that conditionsfor therare Acropora proliferaare
now gone. (Puerto Vigjo reef isone of afew siteswereit hasbeen reported for the Dominican Republic).

Par queNacional Jaragua

Parque Nacional Jaraguais|ocated at the southwestern portion of the Dominican Republicinvery dry
climate. Noriversor surface runoff isfound in these Pleistocenereef terraces. Onitsleeward coast,
protected by high cliffs, sheltered long and white sandy beachesare common, followed by consolidated
hard carbonate substrate where coral cover and density ishigh. Thereisnot awell-developed fringing or
bank reef in most of the zone, A. palmataisnot acommon speciesin this settings.

Development, Sedimentation, and Water Quality

It hasinflicted mgor changesinthereef setting dueto: deforestation, coastal urban development, dredging,
agricultureirrigation projects, industrial devel opment, and wastewater deposition without trestment.

Coral bleaching, massmortalities, and other stresses.

There has not been acountrywide study of bleaching for the Dominican Republic. However, reportsof its
occurrenceismore evident at thereef sitesnear mgor urban settlements, aswell asthosereefswhich are
more heavily visited or over fished such as: Puerto Plata, Sosla, Las Terrenas, Macao, Bavaro,
Guayacanes, BocaChica, and LaCaleta. Themass mortalitiesof A. palmata and Diadema antillarum
werereported, ashavebeenrareoccurrence of coral and octocoral diseases.

Hurricanesand tropical storms.

Hurricanesand tropical stormsarenatural eventscommonin Hispaniola. There have been morethan 200
of these eventsrecorded sincethe 15th century. These phenomenaare more common for the Caribbean
southern coast, rarely affecting the Atlantic coast. Nevertheless, all major reef siteshave been affected by
at least one of theseevents.

Overfishing

Overfishing isbelieved to be one of themgjor causesthat has prevented the comeback of Dominican reefs.
Overharvesting of commercialy important species such as Strombus p., Panulirus sp., and fishesof the
Serranidag, L utjanidae, and Scaridaefamilies, isevident. Lately, there hasbeen anincreaseinthe harvest-
ing of other reef creaturessuch asblack corals, hermit crabs, ornamenta reef fishes, starfish, seaurchins
and liverocksfor the souvenir and aquarium trade. In theselater casesit hasbeen introduced the use of
chemical substances such as Clorox bleach, among othersto harvest the ornamental species. Thisis
affecting the coralsand other non-target speciesaswell.

Recent L egislation

Mogt of theactivitiesrelated to non sustainablefishing practices, aswell asindustrial, agricultura and rural
development, mentioned above, have been either prohibited or regulated by the recently promul gated
Environmenta Law 64/00 and severa Presidentid Decrees. Neverthel essthe marine ecosystems
management isnot receiving the sufficient financia and political support needed to support and implement
themandates and policies, enforcement and education.
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Status of Acroporidsin the Mexican Atlantic

Eric Jordan-Dahigren
Laboratorio de Arrecifes Coralinos
Estacion Puerto Morelos, ICMyL, UNAM
Ap. Postal 1152, Cancun 77500, Q. Roo. MEXICO

Foreword: | havehadtheluck tobeabletovisitmost, if not al, of thereefsinthemexican Atlantic at least
twiceinmy coral reef researcher career, some 20 yearsnow. Thisallow meto havean spatia overal view,
but also someideaof trends, as comparative assessment of coral community structure has been one of the
maintoolsof my work. | haveto said this, so that you would be able to understand the background from
wherel am expressing my viewsregarding Acroporids statusin Mexican reefs.

Coral Reef Distribution:

Coral reefsin México can beroughly grouped in three setsat the geographical scale: 1) SW Gulf of México
reefs; 2) Campeche bank reefs, and 3) Caribbean reefs.

The SW Gulf reefsare closeto shore (from 0.5to 11.7km) and comprisethree main reef sets (Veracruz-
Anton Lizardo, Tuxpan and Idal obosreefs; Fig. 1) forming clustersof relatively proximal reefs; rising from
depthsof 25 to 35m and with shallow lagoons. Thesereefsare strongly influenced by largeriver discharges,
carrying largeamounts of suspended sedimentsand awidearray of pollutants. Campechebank reefsare
well-devel oped i solated banks|ying 80 to 130km offshorein an oceanic climatefar fromterrestria
influences. Morphology among al thesereefsvarieswidely. Along the Mexican Caribbean “ extended
fringing reefs’ (barrier -ikereef tracts separated from the coast by awell devel oped, but shallow lagoon)
dominatethe continental margin and thelargest atoll-like reef inthe Caribbean: Chinchorro reef isfound on
the southern section. Continental influence upon Caribbean reefsisnegligible becausethe Yucatan peninsula
isakargtic platformwhereriversare mostly absent.

Acroporidsdistribution in theMexican Atlantic:

Acropora palmata, A. cervicornisand A. prolifera are pan-Caribbean species and can be found any-
whereintheregion. Thissectiontherefore, addressesthereef areasor reef structures characterized by the
ampledominanceof any of these species.

1) SW GULF OF MEXICO REEFS

Most reef inthe Veracruz-Antén Lizardo reef system (southernmost SW Gulf reefs), had an extremely well
developed Acropora palmata belt in the shallow windward forereef zone, from thereef crest downto 5 or
6m. Such beltswere composed by monospecific, dense and continuous stands of very large colonieswitha
growthformtypica of relatively high-energy environments. Northward, at Tuxpan reefsthese A. palmata
beltsdecreaseinimportance, although arestill present. At Idal obosreefs the belts disappeared, and
mostly scattered A. pal mata col onies dominate the shallow, windward forereef.

Intheleeward margin of many of thesereefsvery extensive bedsof A. cervicorniscould befound, aswell
asinsome shallow protected aress.
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Mortality:

Aroundtheearly 1970"sextensive mortaity inthewindward A. palmata beltsand the leeward beds of
A. cervicorniswasevident by themid 1970’ smost of these colonies, if not al, havedied. Their skeletons
remained in Situin standing position.

Actual Status(Recovery):

Recovery isvery limited, restricted to ends of reefsby the early 1990, but occurringin most of the SW
Gulf reefs(Jordan-Dahlgren, 1992). Interestingly A. pal mata recovery occurred mostly by “re-sheating”
of new tissue over standing skeletonsof the same species. This process consist of new tissue growth over
large areas of adead skeleton, without producing new branches, actually re-sheeting the old skeleton.
Apparently, it happenswith both surviving tissue (re-growth in thiscase) inamostly dead colony and/or
when asexual propagulerecruitsto the dead skel eton (Jordan-Dahlgren, 1992). A phenomenon that we
havewitnessed in many instances afterwards.

By theyear 2000 recovery isstill relatively minor in these reefs, and asubjective estimation would bean
increaseontheorder of 3to 5% inliving A. palmata cover, with highlocal variability. In Tuxpanreefs
recovery had been apparently morewidespread than at Veracruz-Anton Lizardo, but unfortunately locals
had been extracting many of the new small coloniesfor souvenirsand trade. Recruitsthat undergo re-
sheating arelessaffected by thispractice.

2) CAMPECHE BANK REEFS:

A. palmata and A. cervicornisareimportant speciesin the shallow exposed and protected areas of
most of thesereefs. Logan (1969) describes massive stands of these two speciesin many Campeche
bank reefs. My personal observationsindicatethat A. palmata formed belts (asdescribed above) mostly
inthe semi-protected northern, and at timesalso, in the southerntip of thesereefs. In protected areas

A. palmata formsmany inner and at timeslarge patch reefs. The eastward shallow forereef hasbeen
mostly barren of Acroporidsduring my observations. Alsoin protected aress, either inner or leeward,
very extensive standsof A. cervicorniswerecommon, from 25 to 30m deep to very shallow areas, even
inthereef flats.

Mortality:

At an unknown period most of the A. palmata and A. cervicor nissuffered massive mortalitiesin these
reefs. The A. palmata skel etons have remained mostly in situin standing position, but the A. cervicornis
bedsare now mostly gravel deposits.

Actual Status(Recovery):

Recovery is dill limited, but evident in many reefs. We have quantitative datafrom 1995 and 2001, for
two separated Campechereefs, and clearly A. palmataisrecovering at good rate wherever it occurs,
both by re-sheeting and by new colony recolonization (dataisstill being processed). Recovery isnot
homogeneousin reefsareasor zones, instead ishighly patchy. A. proliferaisrelatively abundant in some
shallow areas of thesereefs. A. cervicornisseemsto recover more slowly than A. palmata.
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3) CARIBBEAN REEFS

A. palmata dominatesthe shallow reef environment along thereef tract. In many areasA. palmata reefs
arehighly conspicuous, likeinthe Siyan Ka an biospherearea (Jordan-Dahigren at al. 1994). But the
conditionand extent of the speciesstandsvarieswidely (Jordan-Dahlgren, 1993). A. cervicorniswas
relatively abundant in the shallow protected areas along thereef tract some 20to 15 yearsago, butisa
rare speciesnowadays. A. proliferaisnot common, although at placesisrel atively abundant.

Mortality:

Fromthe 1970 sto thelate 1980 s A. palmata and A. cervicor nis suffered massmortalitiesin the
mexican Caribbeanreefs. A. palmata however, wasnever massively destroyed asrelatively large areas
of hedlthy standsalternated with areas of total mortality. Particularly inthe central and southern parts of
thereef system. Thisisin contrast to what may to have occurred in the Campeche Bank and SW Gulf
reefs, wherethe A croporids demisewas overwhe mingly uniform. Inthe NE section of the coast
A. palmata survived quitewell, but no so A. cervicorniswhoseformer large stands have disappeared
fromthetimebeing. In 1988 thevery large Hurricane Gilbert (also class V) landed in the NE coast and
destroyed most of the Acropora stands.

Actual Status(Recovery):

We only havereliabledatafor the NE Yucatan coast. But it now showsafast pace of recovery after a
long period (3to 4 years) of no apparent recovery. Recovery istaking placeinahighly patchy pattern
wherere-sheeting dominatesrecovery of old standsand by new colony colonizationin many areaswhere
prior to Gilbert hurricanetherewere no A. palmata stands (Jordan-Dahlgren and Rodriguez-Martinez,
1998). Other areasthat used to haveluxurious A. palmata stands, are still large piles of rubble, withno
signsof recolonization. A. cervicornisisasobecominglessrare, but still isin aphase

DISEASES:

Although recovery intermsof Acroporid cover seemsto bewell underway in somereefs, isstill too early
to addressif full recovery intermsof dominanceand covered reef areawoul d be achieved anytime soon.
Disease may slow therecovery process (white- band disease may be responsiblefor the demise of
Acroporainthe Caribbean), asmany of the new colonieshad signs of diseases such aswhiteband and
some col onies show necrotic patches (Rodriguez-Martinez et al., 2001). Dataarestill being collected
and processed, but | may say now that at somereef sites, diseases are having aserious popul ational
impact intherecovery process, whereasin othersthe effect seemsto bereversibleand still in othersis

negligible
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Fig. 1 Map showingreef localitiesinthe Mexican Atlantic
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Mapping Marine Populations

Barry Devine, Ph.D., Chief Scientist; Christy Loomis, DataManager
Conservation Data Center, University of theVirginldands
and
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L andscape pattern analysisof thedistribution of biologica populationsand community typeshasbeen
well developed for terrestrial mapping for sometime. Global Positioning Systems (GPS) areused
routinely to provide accurate maps and locations of point and polygon featuresthat can beimported into
aGl Splatform. The principles of landscape ecology and the study of ecosystem structure and change
are being explored to understand thelink between landscape pattern and ecosystem function. Inthe
marine environment, mapping popul ations of organismsand understanding seascape patternsare
considerably moredifficult asaresult of technical, equipment, access, depth, and visibility problems.

Thispresentation will describe asimple new Surface Water GPS methodol ogy for mapping shallow
reefsand near coastal speciesdistributions. A group of partner agenciesintheVirginIdands; UVI,
USGSand NPS, haveworked to develop alow tech method of geo-referenced mappingin coasta
waters. Thistechniqueispresently being used to map thedistribution of Acroporid species, including
size, depth, snail predation, diseaseand % live cora cover.

Using exigting technol ogy and adapting it to marine circumstances, highly accurate population
distribution maps can be overlayed on digital imagesand benthic habitat maps creating thefirst maps of
marinepopulations. A Garmin 12X L GPSunit placed inside an Aquapac waterproof case and attached
toasmall kickboard float istowed by asnorkeling swimmer. After |ocating aspeciesof interest, amark
ismadefor aGPSwaypoint and saved. Other field personnel record adigitd still or videoimageand
dataabout the colony isrecorded on astandard field sheet.

After collecting both waypoint and track positions, the GPSisbrought to the officewhere thetrack and
waypoints are downloaded, converted to atextfile where datafields are added and then convertedto a
dbf filefor import into Arcview GIS. Thismethodology opensanew approach to marine mapping by
providing position datacapabl e of being used at the scale of thelocal populationto track change or
recovery over time.
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“Unprecedented” Acropora Die-Offs. 6,300 & 3,000 ybp

DennisHubbard,
Dept. of Geology-Oberlin College, 52 W. Lorain St. Oberlin OH 44074

INn 1992, Jeremy Jackson observed that Pleistocene coral reefsexhibited general spatia stability. Incontrast,
monitoring and anecdotal observationshave documented short-term variability and declinein reefsover
recent decades. Theresultisanincreased interestinthefossil record asa*® pre-anthropogenic” frame of
referencefor conditionstoday. Proposalsthat recent disease outbreaksare* unprecedented” and largely
anthropogeni cally induced are becoming increasingly common. Thisposition requiresthreeassumptions.
First, changesin reef-community structure over periodsof decades (i.e., monitoring records) can be
identifiedinthefossl record. Second, spatia continuity of speciesand reef zonesinthe Pleistocenereflects
uninterrupted tempora stability. Finaly, examplesof community disruption onthe scaeof therecent
decimation of Acropora by white-band Disease do not exist in the Holocenerecord.

Coresthrough the shelf-edgereef communitiesoff St. Croix, Puerto Rico and Floridareved active
Acropora-reef devel opment starting around 10,000 ybp and ending suddenly between 7,000 and 6,300
ybp at al three sites. Thisisassociated with adramatic decreasein the number of A. palmata samples
reportedintheliterature. Coresfromareef around Buck Idand (U.S. VirginIdands) revea aspecies
composition Similar to that seenin monitoring records prior to the onset of WBD, implying that the
“average” forereef community over the past 7,000 yearswas similar to what existed there before disease
decimated A. palmata throughout theregion. At 3,000 ybp, however, Acroporids disappeared at Buck
Idand, and community dominance shifted to massive corals. Thiscorrespondsto asecond interval during
which no A. pal mata sampleshave been reportedintheliterature. Whilethe overall pattern of reef

devel opment better matchesthe pre-WBD community at Buck Idand, amoredetailed ook at therecord
impliesasecond Caribbean-wideinterruptioninthe A. palmatarecord. Thus, spatia persistanceisnot
necessarily equivaent to tempora continuity. Our coreshave documented at |least two regiona gapsinthe
A. palmata record that appear anal ogousto the recent near-extirpation of the speciesby WBD. A
re-examination of our new found confidencein separating natural from anthropogenic change seemsin
order.
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Population Dynamics and Life-History Traits of Acropora palmata:
Costs and Benefits of Fragmentation

DiegoLirman, Ph.D.

Assgtant Scientist, Center for Marineand Environmental Analyses
Rosengtiel School of Marine and Atmospheric Science
University of Miami, 4600 Rickenbacker Cswy., Miami, FL 33149
Emall: dirman@rsmasmiami.edu

Severa uniquecharacteristicsdifferentiate Acropora palmata from other cora species. Although

A. palmata can be very susceptibleto the physical disturbance caused by storms, it can also exhibit
extraordinary regeneration and regrowth capabilities. Theability of A. palmatato form new coloniesfrom
storm-generated fragments, together with thereportedly low successof sexual recruitment inthisspecies,
suggest astrong connection between storm di sturbance and survivorship and persistence of thisspecies.

Here, | present theresultsfrom asimulation model developed to test the potentia impactsof physical
disturbance on ekhorn populations. Thisstage-based transtion modd identifiesstorm intensity and
frequency asimportant factorsinfluencing damage and recovery patternsof Acropora palmata
populations. Thesmulationshighlight animportant trade-off between the primary and secondary negative
impactsof ssorm damage and the need for thisspeciesto propagate asexually inlight of itslimited sexua
recruitment success. After aseverestorm, A. palmata popul ations can be numerically dominated by
fragmentsand crusts. Theshiftin biomassfrom unitswith high survivorship (i.e., colonies) to unitswith
higher mortality probabilities(i.e., fragmentsand crusts) can affect therecovery and long-term survivorship
of disturbed populations.

Clearly, the difference between astorm being adestructiveforce or an externa factor that promotes
asexual propagation and popul ation expansionisoften asmall one, and the ba ance between thesetwo will
ultimately influencethelong-term survivorship of A. palmata populationsaready decimated by diseases
and other stressors.

162



Genetics of Acropora cervicornis

SeveVollmer,
Harvard University, 16 Divinity Ave. , Cambridge, MA 02138, svollmer@oeb.harvard.edu

Sincel am unableto attend the meeting, | thought | would summarize what the genetics of Caribbean
Acropora saysabout the system and how thisinformation might add to the conservation of Acropora
cervicornis. Basically, | seethree major questionsthat the geneticsof A. cervicorniscan answer: 1) Is

A. cervicornisadiscrete species (or evolutionary lineage), 2) How much geneflow exists between
populationsof A. cervicornisand what isthe scale of any connectivity, and 3) How much genetic diversity
existswithinlocal populationsand how may thisrelateto the cora sahility to survive perturbationslike
bleaching, white-band, etc.?

1) Thegeneticsclearly showsthethree Caribbean Acropora (inreview) areanatura hybridization system
with A. proliferabeing amorphologically variable, first generation hybrid of A. palmataand

A. cervicornis. We havetakento calling A. proliferaimmortal mulesfor their potential to propagate
clondly through asexual fragmentation. Introgressionislimited by hybridinfertility or inviability, but rare
backcrossing of A. proliferawith A. cervicornisalowsfor the some mtDNA and nuclear introgression.
For A. cervicornis, thismeansthat itsgenomeislikely sprinkled with A. palmata genes, and, while
introgressioningenera appearsrare, itsextent isunknown at present. Surprisingly, introgressed
mitochondrial haplotypesin A. cervicornisare quite common (ca. 20%) and distributed throughout the
Caribbean, even though backcrosses occur ca. 1 every 10 generations. Animportant distinction for the
statusand conservation of A. cervicornisisthat the genetic datashow it isadistinct speciesor genetic
lineage, despitethisintrogression. The geneflow between the species constitutesaninteresting avenue of
speciesresearch (whichweareactively pursuing), but theintrogressionisfunctionaly not affecting the
independent evolutionary trajectory of the species. | would be happy to discussthisresearch with anyone
interested at length viaemail (etc.) and/or furnish acopy of the manuscript in review onceit comesout of its
current state of l[imbo (hopefully soon).

2) Weareasolooking at the population structure and connectivity of A. cervicornisacrossthe Caribbean
using themarkers (MtDNA control regionin particular) that we have devel oped for the hybridization work.
Preliminary datasuggests population structureamong idands and potentially even over small spatial scales
(ca. 20kms). Weare actively gathering thisdata, and woul d appreciate any samplesespecialy fromthe
southern Caribbean. Thisresult issomewhat surprising, and hasimportant conservation implications—
namely that each population should be considered individually with the best potential for recovery coming
fromloca populationsand not larvae drifting infrom afar. Tome, it dso suggeststhat any transplant studies
should occur (when possible) with fragmentsfrom nearby popul ationssincethere may bepotentia for local
adaptation that should be preserved. However, given the state of some populations, thismay no longer be
possible.

3) Onemgjor focus should a so be on theamount of genetic or clond diversity within populations. In Puerto
Rico, wearefinding surprisingly high levelsof genetic diversity at somesites(ca. 1 genotype per 5m),
whereas other Stesappear to be dominated by asingle clone. We are gathering smilar datafrom sitesinthe
Bahamas, Jamai ca, and Panama. Amountsof genetic diversity inlocal populationshasimportant
evolutionary and ecological implicationswhich we can discussfurther. Somefruitful areasof research might
beto seeif genetic diversity correlatesto apopulation’sability to survive perturbationslike bleaching. We
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arehoping to pursuethese and rel ated avenues with our approach. Yet, it could al so be argued that popula
tionsareaready perturbed given thewhite band epidemic. Nevertheless, | suggest that consideration should
begiventothisissueand any conservation strategy (esp. transplants) should takeinto account preserving
meaningful geneticdiversity.

I will stop hereand conclude by saying, in my biased opinion, that including geneticswill add gresatly to any

conservation strategy for A. cervicornis. Getting avery grossfingerprint of these corals(with PCR, se-
guencing, and RFLP) could be easily adapted for these purposes.
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Genetic Status of Acropora palmata Populations in the Caribbean

[lianaB. Baums
University of Miami, RSMAS-MBF, 4600 Rickenbacker Causeway,

Miami, FL 33149 ibaums@rsmas.miami.edu

Acropora palmata popul ations showed asignificant Caribbean-wide decrease in the 1980stogether with
their congener A. cervicornisand arestill in adepressed state. It hasbeen suggested that white-band
disease (WBD), adisease specificto Acroporids (Antonius 1981; Gladfelter 1982; Peters 1993) isthe
primary cause of therecent mortality observed in wide areas of the Caribbean. It might have served asa
strong selective agent, i.e. killing non-res stent genotypes and thereby reducing genetic variability.
Additiondly, Acroporidsare particularly susceptibleto hurricane breakage and have undergone major
bleaching eventsinthelast decade.

Clonal structure

A. palmata reproducesboth sexually and asexually. Asexual reproduction can be the dominant mode of
reproduction (Highsmith 1982). The high Acroporid cover of Caribbean reefs prior to the 1980sresulted
from the combined effects of fragmentation and high growth rates.

Asexua reproduction leadsto the multiplication of aparticular genotype and resultsin an assemblage of
genetically identical individuasthat can function and surviveontheir own (Carvalho 1994), called aclone.
Asexudity per sehasno effect on allelic or genotypic frequenciesin populations. It doesnot alow for
geneti c segregation and recombination, however, and so preservesthe effects of selection, genetic drift, or
founder effect onthe genetic diversity. Bak (1983b) hypothesized that high asexua reproduction rates|ed
to low genotypic diversity so that Acroporidswere more susceptibleto disease compared to non-
branching species.

A. palmata reproduces sexually by rel easing egg-sperm bundlesin thewater (broadcast spawning,
Szmant 1986). L arvae settle out after about 1-2 weeksin the plankton. The pelagic life stage providesthe
opportunity for long-distancetransport of larvae with the surface currents (Sheltema1977; Crisp 1978).

The dominance of asexua reproduction combined with broadcast spawning hasimplicationsfor the
recovery potential of declining A. palmata popul ations. The breeding popul ation sizereachesitsmaximum
if all genetscontributeto the next generation. A. palmataisexpected to haveasmall breeding population
sze: bothfertilization success of spawned gametesand the recruitment of larvaeishighly stochastic and
dependent upon locd conditions. By chance, only afew individua s might contribute alarge number of
offspring to the next generation (sweepstake effect, Hedgecock 19944, b). Once coloniesbecomerare,
the distance between them might limit fertilization success (Allee effect) even further. Populationswith small
breeding popul ation sizesarefar more proneto extinction due to demographic stochasticity, reductionin
genediversity, or accumulation of del eterious mutati ons (see Grosberg and Cunningham 2000).

We need to understand the clonal structure of local A. palmata populationsif wewant to assessthe status
of thiscoral inthe Caribbean. Severa avenueshave been pursued to detect clona identity in Cnidaria. The
first sudiesutilized self-recognition analyses (Neigel and Avise 1983) in A. cervicornis. Thisstudy found
that A. cervicornisclonesdo not extend further than 20m. One clone may dominate areas of 10m? and
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theseclonesaregenerdly spatiadly discretewith tight boundaries. Thegenetic basisof tissuecompatibility
has since been challenged by studies showing fusion of el ectrophoreticaly distinct ramets. Analysisof
protein (allozyme) and DNA markersshow patternsfrom dominantly asexua to dominantly sexua
reproductioninthe Scleractinia. Evenwithinthe same species, contrasting reproductive behavior over
large geographical scalesisnot exceptiona (reviewed in Harrison and Wallace 1990). However, alack
of appropriate sampling design and thelimited power of allozymesto resolveall genotypeslimitsthe
extend to which studies can be compared.

The consequences of asexual reproduction on genotypic diversity depend largely onthefrequency of
sexua recruitment and genet longevity. Empirical and theoretica studieshave suggested that genotypic
diversity at alocal scalemight decrease over timethrough elimination of genetsby intraspecific competition
or stochastic effects. Incontrast, genotypic diversity might remain highif sexua recruits, however rare
they might be, havealong life span after establishment occurred (McFadden 1997). Ineither case,
interpopul ation differences can be maintained (Hoffmann 1987).

Geneflow intheCaribbean

Opposing patternsof genetic population structurein the Caribbean have been predicted. High geneflow
along mgjor current paths (most recently Roberts 1997) may result inagradient of genetic similarity,
correlated within acurrent system, and would likely reduce subpopul ation structure on small scales.
Cowen et al. (2000) and others suggested that retention of larvae, aided by local current features, larva
behaviora adaptationsand high mortaity rates should lead to highly subdivided populations. Studies of
marine organismsdemonstrate popul ation patterns, from strongly structured to homogenous acrossthe
Caribbean basin. Inthelatter case, dight but significant microgeographic structure hasbeen reported in the
presenceof high geneflow.

To date, there have been no studies on the popul ation structure of Caribbean Scleractinia. However,
geographic variation hasbeen foundin anumber of Anthozoain temperateandintropical systemsusing
alozymeand nuclear markers.

Burnett et a. (1995) predict that reef building coras show considerably more population structuring than
hasbeen described in strictly sexual species. The zoanthid Zoanthus coppingeri isonly partly clona but
exhibits strong population structure between localities separated by only 50m, aconsegquence of random
changesin genefrequenciesasaresult of low level sof geneflow. Highclonal longevity and low sexua
recruitment ratesseemto maintain genetic differencesover long periods.

If coral populationsarelargely self seeding and long-distancetransport of larvaeisarare event, theldand
Stepping Stone moded predictsthat genetic differentiation should increasewith geographic distancewith
obvious management implications. Geographic and genetic distance were correl ated in some cases.

Anaysisof protein (allozyme) and DNA markersshow patternsfrom dominantly asexua to dominantly
sexual reproduction inthe Scleractinia. Even within the same speci es, contrasting reproductive behavior
over large geographical scalesisnot exceptional (reviewed in Harrison and Wallace 1990). However, a
lack of appropriate sampling design and thelimited power of alozymesto resolveall genotypeslimitsthe
extent to which studies can be compared.

Underlying theabovediscuss onistheassumption that specieswithlong lived planktoniclarvae should

have ahigher dispersa potential than specieswith philotrophic, short lived, benthic or nolarval stages. It

cannot beruled out that thefailureto consistently relate reproductive strategies, with theamount of gene
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flow in marineorganisms, isdueto the shortcomings of the markersand the stati stical methods, rather than
lack of pattern. Additionally, thefundamenta differences between clona and non-clonal species, bothin
termsof genetic Structure and spawning strategies, further complicate predictionsand call for different
experimental approaches. It isessentia totest theability of the chosen marker systemtoreiably
differentiate between clones (ramets, identical by descent) and closdly related individual s (genets, identical
by state) to reach confident conclusionsabout popul ation structure. Furthermore, broadcast spawning
coraslikeA. palmata only spawn annually and do so synchronoudly Caribbeanwide. Thus, the potential
for larval retentioninloca current featuresislikely to bedifferent and, asof now unpredictable, acrossthe
Caribbeanbasin. Lastly, long generationtimesand low sexua recruitment will likely result in different time
scalesof larval exchangeratescompared to sexua species.

Genetic structure of A. palmataiscurrently under investigation. Both clonal structureand reef connectivity
will be estimated by combining highly variable, menddian markers(microsatel lites) with anested sampling
approach onavariety of spatial scales.

Summary

The presumed dominance of asexud reproduction in A. palmataleadsto anumber of predictions, namely
small breeding population sizeand low genotypic diversity within populations. Genet longevity andlow
sexual recruitment are expected to produce popul ation substructure in the Caribbean. Thissubstructure
might not conform to geographic distance or cluster along major current patterns. Rather, it isexpected to
beinfluenced by thevolatile nature of local currentsand eddies. Failureto detect subpopulation structure
doesnot excludethe possibility of extremely rare exchanges of sexua recruits between populationsdueto
the presumed long generationtimesin A. palmata. Inthelatter case, conclusionsderived from genetic
studiesabout the popul ation status and Caribbean reef connectivity will belimited. Nevertheless,
information ontheclona structure of the populationswill aid in the decision making processon marine
reserves and management plans.
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Coral Farm: the First Step to Restore Reefs

Antonio L. Ortiz-Prosper, Coordinator
Puerto Rico Coral Farmers, Caborrojefios Pro Salud y Ambiente, Inc.

Puerto Rico Coral Farmersisamarine scientific group within Caborrojefios Pro Salud y Ambiente, Inc.
(CPSA), anon-profit organization registered in the Puerto Rico State Department since 1991. The mission
of our organization isto raise awareness on issues regarding the conservation and protection of our
environment. CPSA has the support of several local and federal agencies, including the US Department of
Commerce, Rural Economic Development, Environmental and Natural Resources Department, among
others. At present, we are currently working with the National Fish & Wildlife Foundation to develop
effective and low cost methodology to restore coral reefs.

Our goal istoimplement methods for mani pul ating and enhancing depleted coral population through
coral farming in the Southwest area of Puerto Rico, specifically in Cabo Rojo, Lajas, and Guanica. We have
designed specific proceduresto collect, transport and culture of several coral speciesthat will be continually
tested on thisstudy. Coral Farming is aproposed plan to overcome part of the problem of reef deterioration
in Puerto Rico and the Caribbean. Through the culture of awide diversity of corals, we will be able to
supply coralsto deteriorated coral reefs, damaged by natural (storms, and disease) and human induced
disturbances (ship grounding, pollution, military activities, anong others.)

Our Partners

- Fish & Wildlife Foundation: Main partner that will providethe funding for the proposed project. Isthemain
sponsor of our current Reef Restoration Methodol ogy Project (ending August 2001), where we devel oped
the coral reef farming methodol ogy, which will be implemented in alarger scalein the proposed project.
Department of Natural Resources and Environment (DNRE), Guanica State Forest: Will provide storage
facilities for the equipment and materials, and to prepare the coral culture device needed for the coral
nurseries.
Other partners: Local organizations such as the Ferré Rangel Foundation, and the Ford Motor Company
Foundation have manifested their interest to collaborate in the proposed project, by providing additional
funding to cover the costs of avehicleto be used in the project (to transport heavy equipment, coral culture
device, and trailer), and for an educational component, respectively.

Statement of the problem

In an effort to overcome the problem of coral reef deterioration, the active restoration of damaged coral reefs
isnow at the scope of most conservation efforts. Coral reef restoration is arelative new field of research that
will become increasingly important for management purpose. Restoration techniques have the potential to
accelerate the re-growth of areef after disturbance and created new reef where none previously existed. The
basic approach isto introduce new colonies of fast growing speciesinto the reef. The establishment, growth,
development and maturating of these colonies may increase larvae production and recruitment locally or the
increase the number of colonies by the establishment of broken off fragments from transplanted colonies.

Despite the fact that some corals are known to survive after transplantation (Highsmith, 1982), some
techniques have been proven not to be feasible options because of the following:

Negative effects on collection sites: The mgjority of the work done in coral reef restoration projects
involve the collection of the coral coloniesfrom one site, transported and transplanted to a second site.
Harriot and Fisk (1988) have documented the negative impacts of transplantation on the collection site,
such as the reduction of coral population from healthy reefs, among others.

Highs cost, and low percent of survival of coral transplanted: Cost/effectiveness is not measured in
most of coral reef restoration project. For example, after the M/V Fortuna Reefer Vessel Grounding at
Mona Island (Puerto Rico) the National Oceanic and Atmospheric Administration’s Damage
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Assessment and Restoration Program initiate an emergency coral reef restoration. After an expedited
$1.25 million settlement funds to restore the reef less than 65 % of Acropora palmata fragments
survived. Comparable results (68% after one year) were obtained without human intervention when
hurricane Georges (September 22, 1998) passed through Puerto Rico, fragmenting many colonies of

A. palmata in several reefs of La Parguera, southern Puerto Rico (Ortiz and Ruiz, 2000).

Farming corals (or coral nursery) isthe best logical step in coral harvesting that will allow usto
produce corals to be used on restoration projects. Our experience in coral farming has proved that coral
nursery or coral cultureisauseful tool in coral reef management. The coral nursery is based on the idea of
the metapopulation concept. A metapopulation isaseries of small, separate, popul ations united by some
mechanism that allows genetic flow. Inthisscenario, evenif theindividual populations go extinct, other
population survivesand supply dispersing individualswho re-colonizes“extinct” patches (Harrison, 1991). By
this concept, the coral culture of different species within the nursery sites may act as a source of coralsto
replenish extinct populations at different reefs. The proposed coral farm not only will increase the local
genetic variability by the addition of new coral strainsto the reef, it also will preserve coral strains (on coral
nurseries) for future dispersion, including candidate species considered for the Endangered Species Act. For
example, we have already successfully farmed Acropora cervicornis and Acropora prolifera, two of such
threatened species.

Expected Results and Benefits

We will establish a total of 6 cora reef nurseries in three southwest towns: Cabo Rojo, Lajas and
Guanica (2 nurseriesin each town). Each of these nurserieswill have at least 50 coral culture devices, for atotal
amount of 300. Initially, we will collect and culture in these device at least 8,400 coral fragments of different
species. By the end of the second year, we expect to have harvested at least 30,000 fragmentsto be cultured in
additional 1,440 new culture devices.

Outcomes

1. Implement effective methodol ogiesfor coral propagation and transplantation through human activities.

2. Increase of genetic diversity of local coral population by providing new, genetically different individuals.

3. To have farmed large and diverse amounts of corals, including threatened species of the Acropora genus,
available to be used in future local reef restoration efforts.

4. Direct involvement of coral reef resource managers; island fishing communities and other non-government
partnersin coral reef restoration projects.

5. Integration of coral transplantation techniques in the management strategies for improving the fishery
resources in Puerto Rico.

6. Increase public knowledge about the importance of coral reefs as essential habitats for marinelife, and the
joint efforts to preserve and restore damaged coral reefs.

7. Coral farmswill aso produce direct and indirect benefitsto local areas by expanding habitats for marine
invertebrates, ornamental and commercial fishes, and underwater attractions for snorkeling or SCUBA
diving.

Our ultimate goal isto transfer our findings and experience in restoration and coral farming
methodology to other Caribbean nations, as a sustainable method to increase coral populations

We propose the extensive use of experimental and proven methods of coral culture. All cora
transplantation or cultured methodswill be continually tested to determine the optimum approach. Each
methodol ogy will betested and evaluated using appropriate experimental design. For example, experimental
coral culture device will be set up in acomplete randomized design. Triplicate coral culture device contained
branches or fragments of one strain of each coral specieswill be randomly allocated within each coral
nursery area. The number of coral fragments and its size within the experimental coral culture device will be
recorded at theinitiation of the project. Coral nursery siteswill be visited periodically over the year period
and the response variables to be measured are mortality rate of transplant, incremental growth, and colony
conditions. All techniques (coral collection, transportation, transplantation, etc.) will be modified depending on
previousresults.
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Coral Culture as a Conservation Tool for Acropora spp.

ErichMudler, Ph.D., Director
Center for Tropical Research, Mote Marine Laboratory, Summerland Key, FL emueller@mote.org

During the past 20 years, aquarists have devel oped techniquesto successfully maintain, and propagate,
scleractinian corasin closed systems. Much of thiswasaccomplished by hobbyistswith thegoal of
creating “mini-reefs’ for display. But therequirementsfor scleractinianswere based on knowledge of
coral biology, particularly their need for oligotrophic water and highirradiances. Scientistshaveaso
developed closed cora systemsto better understand coral biology and their effectson community
metabolism. The Acroporidsare particularly amenableto culture because of their high growth ratesand
ease of asexual propagation. Cora mode systems, such asthe* microcolony,” arethe equivalent of lab
ratsand offer the potential to much morefully understand the complex physiologica processesof coras
andtheir symbiotic dinoflagellates. Closed-system culture offersopportunitiesto study diseasesthat
affect acroporids (bleaching, white-band disease and patchy necrosiswhite pox) in much moredetail than
possibleinthefied. Finally, such systemsalso offer arefuge of last resort for agenusthat has seen
dramatic popul ation declinesin much of the Greater Caribbean.
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Management Measures for Corals and Coral Reef Ecosystems in the
Florida Keys National Marine Sanctuary:
I's the Existing Program Sufficient to Protect and Restore Acroporid Corals?

BrianD. Keller
FloridaKeysNational Marine Sanctuary

TheFloridaKeysNational Marine Sanctuary isanearly 10,000-km? marine protected areathat was
designated by Congressin 1990; its management plan wasimplemented in 1997 and consistsof 12 action
plansinfour categoriesof protection: physica damage, environment/water quality, science/understanding,
and penalties. A key aspect of the Sanctuary’ s management planisthe use of marine zoning to set aside
areasfor specific activitiesto balance commercia and recreational interestswith theneed for asustainable
ecosystem. In particular, thereare 24 fully protected (* no-take”) zonesthat hel p protect resourcesfrom
overuse and separate conflicting uses. The Sanctuary’smanagement planincludesmultiple approachesto
protecting livecora. Although Acropora spp. arenot singled out within the plan, they receive specia
cons deration in day-to-day operations. For example, therewasaban on collection of Acroporafor
research for several monthsfollowing the damaging effects of Hurricane Georgesin 1998.
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Introduction to the U.S. Endangered Species Act

Andrew W. Bruckner
NOAA/NMFS, Officeof Protected Resources, Silver Spring, MD.
Andy.Bruckner@noaa.gov

BACKGROUND

The purposes of the Endangered Species Act areto providesameansto conserve ecosystems upon
which endangered species and threatened species depend, to provide aprogram for the conservation of
endangered and threatened species, and to take appropriate stepsto recover aspecies.

Species ListingsUnder the Endanger ed SpeciesAct

TheNationa Marine Fisheries Service (NMFS) isresponsiblefor determining whether marine species,
subspecies, or distinct popul ation segments arethreatened or endangered under the Endangered Species
Act of 1973, asamended, 16 U.S.C. 1531 et seq. (ESA). To be considered for listing under the ESA, a
group of organismsmust constitutea” species,” whichisdefined under section 3 of the ESA toinclude
“any distinct population segment of any speciesof vertebratefish or wildlifewhich interbreedswhen
mature.” NMFShasdetermined that, to qualify asadistinct population segment (DPS), apopulation (or
group of populations) must be substantialy reproductively isolated and represent an important component
intheevolutionary legacy of thebiologica species. A population (or group of populations) meeting these
criteriaisconsidered to bean “evolutionarily significant unit” (ESU) (56 FR 58612, November 20, 1991).
Initslisting determinationsto date, NM FS hastreated an ESU asthe equivalent of aDPS under the ESA.

Section 3 of the ESA definesan endangered speciesas* any specieswhichisindanger of extinction
throughout all or asignificant portion of itsrange’ and athreatened speciesasone”“whichislikely to
become an endangered specieswithin theforeseeable futurethroughout al or asignificant portion of its
range.” Thestatutelistsfactorsthat may cause aspeciesto bethreatened or endangered (ESA section
4(a)(1)), but it doesnot provide further guidance on how NMFSisto determinetherisk of extinction or
thelikelihood of endangerment.

Section 4(b)(1)(A) of the ESA requiresNMFSto makelisting determinations based solely on the best
scientificand commercia dataavailableafter conducting areview of the statusof the speciesand after
taking into account efforts being madeto protect the species. Accordingly, inmakingitslisting
determinations, NM FSfirst determineswhether apopul ation group constitutesa*” species’ under the ESA,
and determinesthe species statusand thefactorsthat haveled toitsdecline. The statusreview provides
background information on the speciesincluding taxonomy and biology, current and historic range,
population information, habitat requirements, asummary of thethreatsfaced by the species, areview of
existing conservation measures, and adiscussion of theactivitiesthat would be affected if the specieswere
ligted.

The processfor determining whether aspecies should belisted isbased solely on scientificinformation on
the status of aspeciesand specificaly excludespotential economicimpacts. Thestatusisdetermined from
an assessment of factorsthat may be contributing to declineincluding 1) habitat destruction or
modification; 2) overexploitation; 3) disease or predation; 4) inadequacy of existing regulatory
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mechanisms, and 5) other factorsaffecting survival of the species. NMFS al so assesses protective efforts
being madeto determineif they mitigaterisksto the species.

Invertebratelistings

Anamendment tothe ESA in 1978 allowsusonly tolist distinct populationsof vertebrates. Marine
invertebrates must bethreatened or endangered throughout their rangeto belisted, becausethey are thought
to havegreater rangesand fecundity and agreater resilienceto exploitation and environmental changethan
vertebrate species. Since most benthicinverts produce pelagic larvae with the potential for long-distance
dispersd, these speciesare assumed to exhibit ahigh degree of interconnectivity through water circulation,
and itisthought that adistant population in good condition can serveasasource of recruitsto rehabilitate
degraded populations.

Eventhoughwearerequiredtolist al populationsof aninvertebrate speciesif wedeterminethat they are
threatened or endangered, the degree or type of protection these speciesreceive can vary, depending on
whether aspeciesislisted asthreatened or endangered. If wewereonly tolist one or both of thesecorals
asthreatened wewould subsequently issue regul ationsthrough arule-making process that woul d specify
what measureswere necessary for the conservation of the speciesand wherethese measureswould apply.
In some casestheseruleswould only affect the speciesin state or territorial watersif the statehasa
cooperative endangered species agreement and the state feel sthat those measures are beneficial for the
species. Incontrast, if weweretolist oneor both of the coralsasendangered all of the provisionsof the
ESA automatically apply, regardless of whether the speciesisinfedera waters, or in stateand territorial
waters. So athreatened listing givesusmuch greeater flexibility.

What doesit mean to belisted
A.Critical Habitat

Whenwe publishafinal decisiontolist aspeciesonthe ESA wearerequired to designate critical habitat -
Critica habitat includes specific areasthat containthe physica, biologica and environmentd factors
necessary to support the species, aswell asareasthat are not occupied by the species, but are essential for
itsconservation - for corals, thiscould include other reef environments, aswell asmangrovesand
grassbeds.

B. Protective measur es

By listing aspecies, we arerequired to protect that speciesand recover it to itsformer abundance or range,
concentrating on areasthat are critica to the speciesbased on unique genetic diversity, areaswitha
documented high abundance, populationsthat may provide asignificant source of recruitsto other aress,
and popul ations at the geographic limitsof the species. The ESA aso providesuswith thetoolsto protect
the habitat occupied by alisted speciesby prohibiting any activitiesthat arefunded, authorized, or carried
out by thefederal government if those activitiesarelikely to contribute to the degradati on of the habitat and
jeopordizethesurvival of the species(section 7). For coral reefs, thismeasurewould require permitsfor
any activitiesinvolving dredging, coastal devel opment projects, sand extraction and discharge of sediment
near coral reef environments. The ESA (section 9) also makesit illegal to* harass, harm, pursue, shoot,
wound, kill, trap, capture, or collect or engagein commercein listed animalsexcept by permit for
conservationor scientific purposes’. Harm hasbeen defined toinclude* significant habitat modification or
degradationwhereit actudly killsor injureswildlifeby sgnificantly impairing essential behaviora patterns
including breeding, feeding, or sheltering”. A listing asoincreasesfedera aid to stateand commonwedlth
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conservation agencieswith cooperative endangered species agreements. Most importantly, The ESA
requiresthat we devel op and implement arecovery program.

C. Recovery Programs

A recovery programincludesasummary of information on aspeciesanditslifehistory, including
information on taxonomy, popul tion discreteness, popul ation size and trends (including past and present
size and future proj ections based on current trends), reproduction and recruitment rates, sourcesand rates
of mortality, diet and feeding habits, movement patterns, habitat use patternsand critical habitat
requirements. Thethreats affecting the species should be described in detail, aswell asthe overall
objectiveof therecovery plan, thetype of recovery actions, and animplementation scheduleto achieve
theseactions. Thegoalsof therecovery programareto determine actionsnecessary to reduce or
eliminatethethreats affecting the speciesand protect critical habitat essentia for thesurvival of that
species. Therecovery program must al so identify measurable criteriathat will be used to down-lista
speciesonceit hasrecovered, and an anaysisof thetimeand cost required for full recovery.
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